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Highlights

National Trends in R&D Expenditures

4 Total annual research and development (R&D) expen-
ditures in the United States were $227 billion in 1998
by current estimates. This level of R&D expenditure rep-
resents a 6.5 percent increase, after adjusting for inflation,
over the $211 billion spent in 1997. In turn, the 1997 esti-
mate represents a 5.5 percent increase over the 1996 level
after adjusting for inflation.

4 The entire economy of the United States, as measured
by gross domestic product (GDP), was estimated to
reach $8,509 billion in 1998. Adjusted for inflation, GDP
increased by 3.9 percent per year in 1997 and 1998. Such
growth in GDP is exceptionally high, yet it is slower than
the growth of R&D. R&D has generally been outpacing
the overall growth of the economy since 1994. As a result,
R&D as a proportion of GDP has been on the rise as well—
from 2.43 percent in 1994 to 2.67 percent in 1998.

4 Despite this recent increase, the R&D share of GDP (2.67
percent in 1998) is still below levels reached in the early
1990s (e.g., 2.72 percent in 1991). Since 1957, the highest
R&D/GDP ratio was 2.88 percent in 1964; the low was
2.13 percent in 1978.

4 Since 1980, industry has provided the largest share of
financial support for R&D. Industry’s share of fund-
ing for R&D was projected to reach $150 billion in 1998,
or 66 percent of the total.

4 Industrial R&D performance—predominately “devel-
opment”—grew by only 0.7 percent per year in infla-
tion-adjusted (“real””) terms from 1985 to 1994. From
1994 to 1998, that growth rate increased to 7.6 percent
annually in real terms.

4 The most striking change in industrial R&D performance
during the past two decades may be the nonmanufacturing
sector’s increased prominence. Prior to 1983, nonman-
ufacturing industries accounted for less than 5 percent of the
industry R&D total. By 1993, this percentage had risen to an
all-time high of 26 percent. It has fallen only slightly since
then and has remained above 22 percent.

4 Federal R&D support in 1998 reached $67 billion, as
reported by performers doing the work. The Federal
Government once was the main provider of the Nation’s
R&D funds—accounting for as much as 67 percent in 1964.
Its share of support first fell below 50 percent in 1979,
and it remained between 45 and 47 percent from 1980 to
1988. Since 1988 it has fallen steadily to 29.5 percent in
1998—the lowest ever recorded in the National Science
Foundation’s (NSF) data series (which began in 1953).

4 The provision of Federal R&D obligations is concen-
trated from several agencies. Six Federal agencies had
R&D obligations of more than $1 billion in FY 1998, out
of the total Federal R&D obligations of $72.1 billion. These
six agencies are, in descending order of R&D aobligations,
the Department of Defense (DOD) (with a 48.3 percent
share of the total), the Department of Health and Human
Services (HHS) (19 percent), the National Aeronautics and
Space Administration (NASA) (13.7 percent), the Depart-
ment of Energy (DOE) (8.1 percent), NSF (3.3 percent),
and the Department of Agriculture (USDA) (2.0 percent).

4 In contrast to total R&D obligations, only three agen-
cies had intramural R&D expenditures that exceeded
$1 billion in 1998, including costs associated with plan-
ning and administering extramural R&D programs:
DOD, HHS (which includes the National Institutes of
Health), and NASA. These three agencies together ac-
counted for 81 percent of all Federal R&D obligations for
1998 and 77 percent of Federal intramural R&D.

4 State governments also provide funding for R&D ac-
tivities. In 1995 (the most recent year for which these data
are available), almost 25 percent of the $244 million state-
funded, state-performed R&D was health related. Between
1965 and 1995, total state R&D spending increased at an
inflation-adjusted average annual rate of 3.3 percent, com-
pared with nationwide R&D spending growth of 2.5 per-
cent per year over the same period.

4 Between 1953 and 1969, R&D expenditures grew at a
real annual rate of 8.2 percent. Starting in 1969 and for
nearly a decade thereafter, however, R&D growth failed
to keep up with either inflation or general increases in eco-
nomic output. In fact, between 1969 and 1975, real R&D
expenditures declined by 1 percent per year as business
and government tended to deemphasize research programs.
Between 1975 and 1985, R&D expenditures picked up
again, averaging 5.6 percent real growth per year. That rate
then slowed to 1.1 percent in 1985-94. In 1994-98, R&D
expenditures rose sharply again, averaging 5.8 percent real
growth per year. Almost all of the recent growth in na-
tional R&D expenditures is the result of a resurgence of
industrial R&D.

4 R&D is substantially concentrated in a small number
of states. In 1997, California had the highest level of R&D
expenditures—$41.7 billion, representing approximately
one-fifth of the $199.1 billion U.S. total that could be at-
tributed to individual states. The six states with the high-
est levels of R&D expenditures—California, Michigan,
New York, New Jersey, Massachusetts, and Texas—ac-
counted for approximately one-half of the entire national
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effort. The top 10 states—adding, in descending order,
Pennsylvania, Illinois, Washington, and Maryland—ac-
counted for approximately two-thirds of the national ef-
fort.

4 The United States spent $37.9 billion on the perfor-
mance of basic research in 1998, $51.2 billion on ap-
plied research, and $138.1 billion on development, by
current estimates. These totals are the result of continu-
ous increases over several years. They reflect a 4.7 percent
annual increase, in real terms, for basic research; 3.9 per-
cent for applied research; and 3.4 percent for development
since 1980. As a share of all 1998 R&D performance ex-
penditures, basic research represented 16.7 percent, ap-
plied research 22.5 percent, and development 60.8 per-
cent. These shares have not changed very much over time.

4 R&D in the broad area of the life sciences is character-
ized by strong and fairly continuous real growth. Fed-
eral obligations for research in the life sciences rose from
$8 billion in 1985 (in constant 1992 dollars) to $11 billion
in 1996. Company-funded R&D in drugs and medicines
grew dramatically in real terms, from $4 billion in 1985 to
$10 billion in 1997. Likewise, academic R&D (not
Federally funded) in the life sciences and bioengineering/
biomedical engineering grew continuously, from $3 bil-
lion in 1985 (in constant 1992 dollars) to $5 billion in 1996.

4 Growth in collaborative research is an important trend
in R&D activities as a means of synergizing R&D in-
vestments. By the end of 1998, 741 research joint ven-
tures (RJVs) associated with NCRA and the National Co-
operative Research and Production Act had been registered.
By 1998, however, the number of new RJV filings had
fallen sharply to 31 per year, after having reached a peak
of 115 in 1996.

4 Cooperative research and development agreements
(CRADAS) between Federal agencies and other sectors
grew in number geometrically, from 34 in 1987 to 3,688
in 1996 (averaging 68 percent growth per year). Be-
tween 1996 and 1997, however, the number of active
CRADAS declined to 3,239.

International Comparisons
of National R&D Trends

4 The United States accounts for roughly 43 percent of
the industrial world’s R&D expenditure total. U.S. R&D
investments continue to outdistance, by more than 2 to 1,
R&D investments made by Japan, the second largest per-
former. Not only did the United States spend more money
on R&D activities in 1997 than did any other country, it
also spent as much by itself as the other “group of seven”
(G-7) countries—Canada, France, Germany, Italy, Japan,
and the United Kingdom—combined. In terms of nonde-
fense R&D spending, however, combined expenditures in

those six countries exceeded nondefense R&D spending
in the United States by 17 percent in 1996.

4 Relative to shares reported in other G-7 countries, U.S

basic research spending (17 percent of its R&D total)
is less than the shares reported for Germany, France,
and Italy (each at 21-22 percent ) but higher than the
basic research share in Japan (12 percent of its R&D
total). Basic research accounts for 18 percent of Russia’s
R&D total.

4 There was a worldwide slowing in R&D spending in

large and small countries in the early 1990s. In fact,
inflation-adjusted R&D spending fell for three consecu-
tive years (1992, 1993, and 1994) in the United States,
Japan, Germany, and Italy. R&D spending has since re-
covered in these countries but has remained stagnant in
France and the United Kingdom. Most of the recent R&D
growth results from rebounding industrial nondefense
spending.

4 The most notable trend among G-7 and other

Organisation for Economic Co-operation and Devel-
opment (OECD) countries has been the relative decline
in government R&D funding. In 1997, roughly one-third
of all OECD R&D funds derived from government
sources—down considerably from the 45 percent share
reported 16 years earlier. Much of this change reflects a
decline in industrial reliance on government funds for R&D
performance. In 1981, government provided 23 percent of
the funds used by industry in the conduct of R&D within
OECD countries. By 1997, government’s share of the in-
dustry R&D total had fallen by more than one-half, to 10
percent of the total.

4 Even with the recovery in R&D spending in many G-7

countries, their R&D/GDP ratios generally are no
higher now than they were at the start of the 1990s. The
U.S. R&D/GDP ratio inched back up to 2.7 percent in 1998
from its 16-year low of 2.4 percent in 1994. The United
States ranked sixth among OECD countries in terms of
reported R&D/GDP ratios for 1995-97. Sweden leads all
countries with a R&D/GDP ratio of 3.9 percent, followed
by Japan and South Korea (2.9 percent), Finland (2.8 per-
cent), and Switzerland (2.7 percent).

4 R&D spending in the Russian Federation remains con-

siderably below levels in place prior to the introduc-
tion of a market economy. R&D downsizing and restruc-
turing of obsolete, state-owned (generally military-ori-
ented) enterprises were undertaken to establish viable com-
mercial and scientific R&D infrastructures. In 1997, in-
flation-adjusted R&D spending was 74 percent below the
level reported for 1990, and the number of scientists and
engineers employed in research was less than half the num-
ber estimated to be employed in 1990.

4 Worldwide changes in the R&D landscape are present-

ing governments with a variety of new challenges and
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opportunities. Defense R&D has been substantially re-
duced not only in the United States but also in the United
Kingdom and France, where the national defense share of
the government R&D total declined from 44 percent to 38
percent and from 40 percent to 28 percent, respectively,
during the 1990-97 period.

4 Among nondefense functions, U.S. government R&D

spending for health is far greater than for any other
activity. Health accounts for about 19 percent of govern-
ment R&D, making it second only to defense R&D activi-
ties. In the United Kingdom, 15 percent of the government’s
R&D support is health related. Several additional nonde-
fense functions are emphasized to different degrees among
other G-7 countries. Relatively large shares of government
R&D support are devoted to energy in Japan; to space in
France and the United States; and to industrial develop-
ment in Canada, Germany, and Italy.

4 Many countries have put fiscal incentives into place to

increase the overall level of R&D spending and to stimu-
late industrial innovation. Almost all industrialized coun-
tries (including the United States) allow industry R&D ex-
penditures to be 100 percent expensed (written off as costs
in expense statements) in the year they are incurred, and
about half of these countries (including the United States)
provide some type of additional R&D tax credit or incen-
tive. In fiscal year 1998, U.S. industry received an esti-
mated $3.2 billion through tax credits on incremental
research and experimentation expenditures. About 15 states
in the United States offer additional R&D tax credits. Most
countries (including the United States) provide preferen-
tial R&D programs for small businesses.

4 International partnerships have become a pillar in the

global R&D landscape. In many countries, the rapid rise
in international cooperation has spawned activities that now
account for more than 10 percent of government R&D
expenditures. According to a 1999 study, seven agencies
of the U.S. government participated in 575 international
science and technology agreements in FY 1997 with 57
countries, 8 international organizations, and 10 groups of
organizations or countries.

4 Industrial firms increasingly have used global research

partnerships to strengthen core competencies and ex-
pand into technology fields critical for maintaining
market share. Since 1990, companies worldwide have en-
tered into more than 5,100 known multifirm R&D alli-
ances involving strategic high-technology activities. About
one-third of these alliances were between U.S. firms and
European or Japanese firms. Alliances were created most
often to develop and share information technologies.

4 Worldwide, an increasing share of industrial R&D per-
formance is financed by foreign (generally industry)
sources. U.S. companies make substantial R&D invest-
ments overseas ($13.1 billion in 1997). From 1985 to 1996,

U.S. firms’ investment in overseas R&D increased almost
three times faster than company-funded R&D performed
domestically (9.7 percent versus 3.4 percent average an-
nual constant-dollar growth). Equivalent to about 6 per-
cent of industry’s total (domestic plus overseas) R&D fund-
ing in 1985, overseas R&D represented 10.4 percent of
U.S. industry’s R&D funding in 1996. In 1997, strong
growth in companies’ domestic financing for research (up
10 percent) coupled with a 7 percent decline in industry’s
overseas R&D spending reduced the overseas share to 8.9
percent of companies’ R&D total.

4 More than two-thirds of U.S.-funded R&D abroad was

performed in Europe—primarily in Germany, the
United Kingdom, and France. The current European
share of U.S. industry’s offshore R&D activity, however,
is less than the 75 percent share reported for 1982. Over-
all, U.S. R&D investments abroad have generally shifted
from the larger European countries and Canada toward
Japan, several of the smaller European countries (notably
Sweden and the Netherlands), Australia, and Brazil. Phar-
maceutical companies accounted for the largest industry
share (18 percent of U.S. 1997 overseas R&D), which was
equivalent to 21 percent of their domestically financed
R&D. Much of this pharmaceutical R&D took place in
the United Kingdom.

4 U.S. firms are known to have established at least 186 R&D

facilities in other countries by 1997. Japan leads all coun-
tries as the site of overseas U.S. R&D facilities (43), fol-
lowed by the United Kingdom, Canada, France, and Ger-
many. Most U.S.-owned foreign facilities support the auto-
motive (32 facilities), drugs and biotechnology (28), com-
puters (25), and chemicals and rubber (23) industries.

4 Substantial R&D investments are made by foreign firms

in the United States. From 1987 to 1996, inflation-ad-
justed R&D growth from majority-owned U.S. affiliates
of foreign firms averaged 10.9 percent per year. This
growth contrasts favorably with the 3.9 percent average
annual rate of increase in U.S. firms’ domestic R&D fund-
ing. R&D expenditures in the United States by foreign com-
panies are now roughly equivalent to U.S. companies’ R&D
investment abroad. Affiliates of firms headquartered in
Germany, Switzerland, the United Kingdom, France,
Japan, and Canada collectively account for 81 percent of
this foreign funding.

4 Foreign-funded R&D in the United States in 1996 was

concentrated in drugs and medicines (mostly from
Swiss, German, and British firms), industrial chemi-
cals (funded predominantly by German and Dutch
firms), and electrical equipment (one-third of which
came from French affiliates). More than 700 R&D fa-
cilities run by 375 foreign-owned companies from 24 dif-
ferent countries are located in the United States.
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Introduction

Chapter Overview

The U.S. economy approaches the end of the 20th century
with unprecedented real growth, miniscule inflation, low un-
employment, and strong consumer and investor confidence.
Economists have dubbed it the “Cinderella economy.” The
reasons for this success are many and varied. However, it can
be argued that technological change has been behind the eco-
nomic boom of the late 1990s.

Technological change has three general effects on the
economy. First, it reduces the costs of producing goods and
providing services. That is, technological change allows for
the consumption of greater amounts of goods and services,
without the use of greater amounts of human labor, physical
capital, or natural resources. Second, technological change is
responsible for the creation of new and improved goods and
services. Although the relative value of any new product is
subjectively determined by each individual, the spending pat-
terns of consumers overall often reveal the preferability of
these new products over their predecessors. Ironically, the third
factor—what technological change has not yet done, but is
expected to do—may have made the greatest contribution to
the recent economic boom. Technological change is expected
to continue to transform many aspects of economic produc-
tion, distribution, and consumption. Such changes include,
for example, further development of Internet commerce (e.g.,
banking and retail operations), additional advances in bio-
technology (e.g., “designer” drugs), greater automation in pro-
duction (e.g., advanced robotic systems), new forms of
household entertainment (e.g., digital video disc entertain-
ment systems), and new ways of conducting scientific research
itself (e.g., the creation of virtual laboratories). Investors and
public planners have continued to devote new resources to
preparing for these changes, thereby stimulating economic
investment and expansion. Thus, much of the current invest-
ment-led economic growth is only a prelude to future ad-
vances. In this sense, our present is being influenced largely
by our future—a future that will owe much of its character to
technological change.

Of course, innovation—and the technological change that
results from it—does not just happen. It has to be paid for—
through expenditures on research and development (R&D).
How R&D funds are spent helps determine how scientific
knowledge will accumulate and how technological change
will be manifested. Thus, R&D decisionmaking—how much
different organizations spend and on what areas of science or
engineering—is critical to the future of the U.S. economy and
national well-being. This factor explains why the United States
and many other nations collect extensive R&D expenditures
data and disseminate the information worldwide for study by
analysts in a wide variety of fields.

In addition to indicating the directions of technological
change, R&D expenditure data also measure the level of eco-
nomic purchasing power that has been devoted to R&D

projects as opposed to other economic activities. Industrial
(private sector) funding of R&D, for example—which repre-
sents most of R&D expenditure in the United States—may
be interpreted as an economic metric of how important R&D
is to U.S. companies, which could have easily devoted those
same funds to any number of other business activities. Like-
wise, government support for R&D reflects government and
society’s commitment to scientific and engineering advance-
ment, which is an objective that must compete for dollars
against other functions served by discretionary government
spending. The same basic notion holds for other sectors that
fund R&D, such as colleges and universities and other non-
profit organizations.

Total R&D expenditures therefore reveal the perceived
economic importance of R&D relative to all other economic
activities. Because institutions invest in R&D without know-
ing the final outcome (if they did, it would not be R&D), the
amount they devote is based on their perception, rather than
their absolute knowledge, of R&D’s value. Such informa-
tion about R&D’s perceived relative value is also extremely
useful for economic decisionmaking. For example, increased
R&D in a particular field of study may reflect an increase in
demand for scientists and engineers to study and work in
that field. An increase in R&D in a particular industrial sec-
tor could be among the first signs that the sector is about to
expand with new lines of products or services. Of course,
R&D data alone are not enough to accurately analyze the
future growth of a field of study or an industrial sector, but
they may well be an important input into such analysis. This
chapter therefore presents information that will provide a
broad understanding of the nature of R&D expenditures and
the implications of these data for science and technology

policy.

Chapter Organization

This chapter has two major parts, both of which examine trends
in R&D expenditures. The first part looks into R&D performed
in the U.S. alone; the second compares R&D trends across na-
tions. The first part contains sections on economic measures of
R&D; trends in financial support for R&D; trends in R&D per-
formance; industrial R&D performance; R&D performance by
geographic location, character of work, and field of science; and
intersector and intrasector R&D partnerships and alliances. The
second part contains sections on total and nondefense R&D
spending; ratios of R&D to gross domestic product (GDP) among
different nations; international R&D funding by performer and
source; the character of R&D efforts (or R&D efforts separated
into basic research, applied research, and development compo-
nents); international comparisons of government R&D priori-
ties; comparisons of government R&D tax policies; the growth
in public- and private-sector international R&D agreements and
alliances; the United States’ international R&D investment bal-
ance; and patterns in overseas R&D and foreign R&D performed
in the United States, in terms of both expenditures and facility
placement.
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Economic Measures of R&D

Latest Developments in U.S. National R&D

The United States is spending more money on R&D than
ever before, even when the amounts are adjusted for infla-
tion. In 1998 (the most recent year for which R&D expendi-
ture data are available at this writing), total R&D expenditures
in the United States reached $227.2 billion.! Moreover, the
rate at which R&D has been increasing in recent years has
been impressive. The $227.2 billion total for 1998 reflects a
nominal growth rate (without accounting for inflation) of 7.5
percent over the 1997 level of $211.3 billion, or a real growth
rate (after adjusting for inflation) of 6.5 percent.? Similar
growth occurred in 1997: The 1997 level of R&D reflects a
7.5 percent nominal growth over the $196.5 billion spent in
1996, or 5.5 percent real growth.

By comparison, the U.S. GDP? the main measure of the
nation’s total economic activity, grew in real terms by 3.9
percent per year in 1997 and 1998. Such growth in the GDP
is exceptionally high, yet it is slower than the growth of R&D.
R&D has generally been outpacing the overall growth of the
economy since 1994. As a result, R&D as a proportion of
GDP has been on the rise as well—from 2.43 percent in 1994
to 2.67 percent in 1998.

Organizations that conduct R&D often receive outside
funding; likewise, organizations that fund R&D often do not
perform as much R&D as the amount of money they devote
to it. Therefore, any discussion of the nation’s R&D must al-
ways be careful to distinguish between where the money
comes from originally and where the R&D is actually per-
formed. That is, R&D expenditures can be categorized, re-
spectively, by source of funds or by performer.

By source of funds, most of the nation’s R&D is paid for
by private industry, which provided 65.9 percent ($149.7 bil-
lion) of total R&D funding in 1998. Nearly all of these funds
(98 percent) were used by private industry itself in the perfor-
mance of its own R&D, and most of these funds (70 percent)
were for the development of products and services rather than
for research. In 1998, the Federal Government provided the
next largest share of R&D funding—29.5 percent ($66.9 bil-
lion dollars)—and the other sectors of the economy (state
governments, universities and colleges, and nonprofit insti-
tutions) contributed the remaining 4.7 percent ($10.6 billion).
(See figures 2-1, 2-2, and 2-3 and text table 2-1.)

!Projections for 1998 and preliminary tabulations for 1997 were based in
part on time-series modeling techniques. Except for discussions of the Fed-
eral budget authority, which refer to fiscal years, other references to years in
this chapter refer to calendar years, not fiscal years (even in discussions of
academic and Federal intramural performance). Other chapters in this report
and other NSF reports on academic or Federal expenditures alone, however,
often refer to fiscal years because those institutions operate on a fiscal year
basis. Calendar years are used in this chapter and in the NSF reports Na-
tional Patterns of R&D Resources and Research and Development in Indus-
try, however, for consistency with industry data, which represent three-fourths
of U.S. R&D expenditure, and for consistency with the vast majority of all
other national economic statistics provided by Federal statistical agencies.

2For a discussion of how dollar amounts are adjusted for inflation, see “Ap-
pendix A: Controlling for Inflation and Foreign Currency,” in NSF (1999c).

3For historical data on the GDP, see appendix table 2-1.

By performer, industry in 1998 accounted for an even larger
share of the total—74.4 percent; universities and colleges ac-
counted for 11.6 percent, and the Federal Government accounted
for 7.6 percent. Federally Funded Research and Development
Centers (FFRDCs)—which are administered by various indus-
trial, academic, and nonprofit institutions—accounted for an ad-
ditional 3.8 percent, and other nonprofit organizations accounted
for 2.6 percent. (See figures 2-2 and 2-3.)*

R&D Growth Trends

Between 1953 and 1969 R&D expenditures grew at a real
annual rate of 8.2 percent.® Starting in 1969, however, and for
nearly a decade thereafter, R&D growth failed to keep up
with either inflation or general increases in economic output.
In fact, between 1969 and 1975, real R&D expenditures de-
clined by 1 percent per year as business and government
tended to deemphasize research programs. (See figure 2-1.)

41n some of the statistics provided below, FFRDCs are included as part of
the sector that administers them. In particular, statistics on the industrial
sector often include industry-administered FFRDCs as part of that sector
because some of these statistics from the NSF Industry R&D Survey cannot
be separated with regard to the FFRDC component. Whenever a sector is
mentioned in this chapter, the wording used will specify whether FFRDCs
are included.

5For additional background on U.S. R&D in the 1950s, see chapter 1.

Figure 2-1.
National R&D funding, by source: 1953-1998
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Figure 2-2.
National R&D expenditures: 1998
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See appendix tables 2-3, 2-5, 2-7, 2-11, and 2-15.
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Federal funding in particular fell 19 percent in real terms dur-
ing this period; this decrease was felt in defense- and nonde-
fense-related programs (as discussed in greater detail below).

The situation turned around in the mid-1970s. Following
an economic recovery from the 1974 oil embargo and the
1975 recession, R&D expenditures increased in real terms by
approximately 72 percent from 1975 to 1985 (5.6 percent per
year), compared with a 37 percent rise in real GDP over the
same period. During the first half of this period (1975-80),
there was considerable growth in Federal R&D funding for
nondefense activities. Although defense-related R&D expen-
ditures rose as well, much of the Federal R&D gain was at-
tributable to energy-related R&D (particularly nuclear energy

Figure 2-3.
National R&D expenditures, by source of funds
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development) and to greater support for health-related R&D.
Non-Federal R&D increases were concentrated in industry
and resulted largely from greater emphasis on energy conser-
vation and improved use of fossil fuels. Consequently, en-
ergy concerns fostered increases in R&D funding by Federal
and non-Federal sources. In particular, support for energy
R&D rose more than 150 percent in real terms between 1974
and 1979 and accounted for approximately one-half of the
national increase in real R&D spending.

Overall, the 1975-80 R&D recovery witnessed an aver-
age growth rate of 4.4 percent per year. That annual rate re-
mained between 4 and 5 percent through 1982, though the
early 1980s saw a heavy shift toward defense-related activi-
ties. As a result of these increases in defense R&D, growth in
real R&D expenditures accelerated to an average annual rate
of 8.2 percent over 1982-85. Such rapid growth had not been
seen since the post-Sputnik era of the early 1960s.

On average, R&D spending increased 6.8 percent per year
in real terms in the first half of the 1980s. The situation then
changed abruptly again. From 1985 to 1994, average annual
R&D growth after inflation slowed to 1.1 percent, compared
with a 2.4 percent annual real growth in GDP. Reductions in
Federal and non-Federal funding of R&D as a proportion of
GDP had contributed to this slowing. However, the decline in
real Federal R&D funding was the primary factor in the slow
growth of R&D in the early 1990s.°

This downward trend reversed again in 1994, as a result of
substantial increases in industrial R&D.” R&D in the United

6 These findings are based on performer-reported R&D levels. In recent
years, increasing differences have been detected in data on Federally financed
R&D as reported by Federal funding agencies, on the one hand, and by per-
formers of the work (Federal labs, industry, universities, and other nonprofit
organizations), on the other hand. For a discussion of this divergence in R&D
totals, see sidebar, “Accounting for Defense R&D: Gap Between Performer-
and Source-Reported Expenditures.”

"For a detailed discussion of this upturn, see Jankowski (1999).
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Text table 2-1.
U.S. R&D expenditures, by performing sector, source of funds, and character of work: 1998
(Millions of U.S. dollars)
Performer
U&C Other Percent
Character of work/ Federal Universities associated nonprofit distribution
sources of funds Government  Industry? and colleges FFRDCs? institutions? Total by sources
TOTAL R&D
Federal Government ... 17,189 24,589 15,558 5,517 4,077 66,930 29.5%
INAUSETY ..o " 146,706 1,896 . 1,051 149,653 65.9%
Universities and colleges ............... 7,049 . . 7,049 3.1%
Other nonprofit institutions ............ . . 1,840 . 1,702 3,541 1.6%
Total. .o 17,189 171,295 26,343 5,517 6,830 227,173 100.0%
Percent distribution, performers .... 7.6% 75.4% 11.6% 2.4% 3.0% 100.0%
BASIC RESEARCH
Federal Government .............cc...... 2,920 1,816 11,248 2,721 1,531 20,235 53.4%
Industry .......c.ccccueee. 9,625 1,205 . 483 11,313 29.9%
Universities and colleges ........ 4,479 . . 4,479 11.8%
Other nonprofit institutions ............ . . 1,169 . 681 1,850 4.9%
Total. oo 2,920 11,441 18,100 2,721 2,695 37,877 100.0%
Percent distribution, performers .... 7.7% 30.2% 47.8% 7.2% 7.1% 100.0%
APPLIED RESEARCH
Federal Government ... 5,421 3,087 3,130 1,545 1,144 14,326 28.0%
INAUSEY woveeiiie e . 32,701 567 . 357 33,625 65.6%
Universities and colleges....... ........ 2,107 . . 2,107 4.1%
Other nonprofit institutions.... ........ . . 550 . 613 1,163 2.3%
Total. veeiiiiiee e 5,421 35,788 6,354 1,545 2,114 51,221 100.0%
Percent distribution, performers .... 10.6% 69.9% 12.4% 3.0% 4.1% 100.0%
DEVELOPMENT
Federal Government ...................... 8,848 19,686 1,181 1,251 1,403 32,369 23.4%
Industry ......cccoeevenee 104,380 124 . 210 104,715 75.8%
Universities and colleges ........ 463 . . 463 0.3%
Other nonprofit institutions ............ . . 121 . 408 529 0.4%
Total. .o 8,848 124,066 1,888 1,251 2,021 138,075 100.0%
Percent distribution, performers .... 6.4% 89.9% 1.4% 0.9% 1.5% 100.0%

FFRDC = Federally Funded Research and Development Center

NOTE: State and local government funds are included in industry funds reported to industry performers, and in university and college funds reported to
university and college performers. Details may not add to totals because of rounding.

agxpenditures for FFRDCs administered by both industry and nonprofit institutions are included in the totals of their respective sectors. They are
estimated to account for less than 2 percent and 12 percent, respectively, of the industry and nonprofit institutions performance totals. FFRDCs are
organizations exclusively or substantially financed by the Federal Government to meet a particular requirement or to provide major facilities for research

and training purposes.

PFFRDCs administered by individual universities and colleges and by university consortia.

See appendix tables 2-3 , 2-7, 2-11, and 2-15.

States grew in real terms by 5.8 percent per year between
1994 and 1998, in spite of virtually no real growth (0.6 per-
cent per year) in Federal R&D support. Over the same pe-
riod, industrial support for R&D grew at a real annual rate of
8.9 percent. Much of this increase might be explained by the
favorable economic conditions that generally existed during
the period.

Science & Engineering Indicators — 2000

Trends in Financial Support for R&D

Federal Support by National Objective

Federal Funding Trends

In recent years the Federal Government has contributed
smaller shares of the Nation’s R&D funding. The Federal
Government once was the main provider of the Nation’s R&D
funds—accounting for 54 percent in 1953 and as much as 67
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percent in 1964. The Federal share of R&D funding first fell
below 50 percent in 1979, and it remained between 45 and 47
percent from 1980 to 1988. Since then it has fallen steadily,
to 29.5 percent in 1998—the lowest ever recorded in the Na-
tional Science Foundation’s (NSF) data series (which began
in 1953).8 This decline in the Federal share, however, should
not be misinterpreted as a decline in the actual amount funded.
Federal support in 1998 ($66.9 billion), for example, actually
reflects a 2.1 percent increase in real terms over the 1997
level. Because industrial funding increased much faster (see
above), however, Federal support as a proportion of the total
has continued to decline.

Although the Federal share of total R&D expenditures con-
tinued to fall, Federal R&D funding, in absolute terms, actu-
ally expanded between 1980 and 1998 (from $30.0 billion to
$66.9 billion)}—which, after inflation, amounted to a small, real
growth rate of 1.0 percent per year. This rate was not uniform
across the period, however. From 1980 to 1985, Federal R&D
funding grew an average of 6.2 percent in real terms annually.
Nearly all of the rise in Federal R&D funding during the early
1980s resulted from large increases in defense spending—as
evidenced by figures on the Federal budget authority. (See fig-
ure 2-4.) For example, defense activities of the Department of
Defense (DOD) and the Department of Energy (DOE) ac-
counted for roughly half of the total Federal R&D budget au-
thorizations in 1980.° By 1986, such defense-related activities
peaked at 69 percent of the Federal R&D budget authority.

Federal support slowed considerably beginning in 1986—
reflecting the budgetary constraints imposed on all govern-
ment programs, including those mandated by the Balanced
Budget and Emergency Deficit Control Act of 1985 (also
known as the Gramm-Rudman-Hollings Act) and subsequent
legislation (notably the Budget Enforcement Act of 1990,
which mandated that new spending increases be offset with
specific spending cuts).

Federal Support by Budget Function

In 1980, the Federal budget authority for defense-related
R&D was roughly equal to that for nondefense R&D. As a
result of modifications in U.S. security measures in an evolv-
ing international arena, defense-related R&D expanded in the
early and mid-1980s, coinciding with a decline in nondefense-
R&D spending. This defense-related R&D expansion was
followed by a period of defense-related R&D reductions in
the late 1980s and the 1990s. Nondefense R&D, on the other
hand, has been steadily increasing since 1983. For the year

8The sample design for estimating industry R&D expenditures was re-
vised for 1991 and later years. The effect of the change in industry’s sample
design was to reduce the Federal share of the national R&D total to 38 per-
cent in 1991, down from the 41 percent share previously published for 1991.
For more information on these survey changes and their effects on R&D
estimates, see Appendix A in NSF (1999c).

9These percentage share calculations of defense-related R&D activities
are based on Federal budget authorization totals, not on data reported by the
performers of R&D. Although funding is designated in the budget authority,
it is actually provided through appropriations, not authorizations. In con-
gressional terminology, authorizations are only guidelines, suggestions, or
ceilings for appropriations and do not result in any money actually being
spent. Only appropriations can provide money.

2000, the budget authority for defense R&D and nondefense
R&D are roughly equal again, but they are now 28 percent
and 29 percent higher in real terms than their respective 1980
levels.

Since 1986, Federal budget authority for civilian-related
R&D has grown faster than defense-related R&D. In particu-
lar, the budget allocation for health- and space-related R&D
increased substantially between FY 1986 and FY 2000, with
average real annual growth rates of 4.9 and 5.1 percent, re-
spectively. (Most of the growth in the budget authority for
space-related R&D occurred between FY 1986 and FY 1991.)
(See figure 2-4.) The budget allocation for defense programs
declined by an average real annual rate of 2.5 percent during
the same period.

R&D (most of which is development) accounts for 13 per-
cent of all money authorized to be spent by the Federal Gov-
ernment on defense activities in 2000, according to the Federal
budget authority. In contrast, R&D accounts for only 3 per-
cent of the Federal nondefense budget authority, though many
nondefense functions have much higher proportions. (See text
table 2-2.) With regard to nondefense objectives (or “budget
functions™), R&D accounts for 73 percent of the funds for
general science—nearly all of which (95 percent) is devoted
to basic research. (See text table 2-3.) R&D accounts for 67
percent of the funds for space research and technology, most
of which (78 percent) is devoted to applied research and de-
velopment. Among funds for health, R&D represents 10 per-
cent, most of which (54 percent) is devoted to basic research
and nearly all of which is directed toward NIH programs.

Figure 2-4.
Federal R&D funding, by budget function

Billions of constant 1992 dollars
15 55

14 {40

Defense

13 ZZ Nondefense Health
12

11
10

10

ol ! ! !
1980 1985 1990 1995

w b U1 O N 00 ©

=N

o L . . . . . . . . . .
1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000

NOTES: “Other” includes all nondefense functions not separately
graphed, such as agriculture and transportation. The 1998 increase
in general science and decrease in energy resulted from a
reclassification.

See appendix table 2-23.  Science & Engineering Indicators — 2000



Science & Engineering Indicators — 2000

¢2-11

21st Century Research Fund and Earlier Concepts

The discussion and statistics on Federal funding of R&D
provided in this chapter are based on two economic mea-
sures of R&D that have significant historical precedence:
the Federal “budget authority” for R&D and accounts of
“Federal funds” for R&D. Statistics on the R&D budget
authority are provided in the Budget of the United States
Government, though more detailed information on the
budget authority for R&D is acquired through the NSF
survey Federal R&D Funding by Budget Function. Statis-
tics on Federal funds for R&D are acquired through the
NSF survey Federal Funds for Research and Development.
These two Federal surveys, along with other NSF surveys
of the academic, industrial, and nonprofit sectors, provide
the statistical information on R&D levels presented in this
chapter.

The budget authority and Federal funds differ in defi-
nition. The budget authority is the primary source of legal
authorization to enter into financial obligations that will
result in outlays. Budget authority is most commonly
granted in the form of appropriations laws enacted by
Congress with the approval of the President. In contrast,
Federal funds are measured in the form of obligations,
which represent the amounts for orders placed, contracts
awarded, services received, and similar transactions dur-
ing a given period, regardless of when the funds were ap-
propriated or when future payments are required.

In recent years, however, alternative concepts have been
used to isolate and describe fractions of Federal support
that could be associated with scientific achievement and
technological progress. Ina 1995 report (NAS 1995), mem-
bers of a National Academy of Sciences committee pro-
posed an alternative method of measuring the Federal
Government’s science and technology (S&T) investment.
According to the committee members, this approach—
titled the Federal Science and Technology (FS&T) bud-
get—might provide a better way to track and evaluate trends
in public investment in R&D. (This concept was discussed
in Science & Engineering Indicators—1998.) The FS&T
concept differed from Federal funds for research in a vari-
ety of ways: It was never defined in precise terms; unlike
Federal funds, it did not include major systems develop-
ment supported by DOD and DOE; and it contained not
only research but also some development and some R&D
plant.*

In the FY 1999 budget, a new concept—the “Research
Fund for America” (RFA)—was introduced, which re-
flected the Administration’s interest in addressing the FS&T

*For additional discussion on the differences between R&D, FS&T,
and the programs in the 21st Century Fund, see Chapter 6 of AAAS
(1999b).

concept previously proposed by the Academy. Unlike the
FS&T budget, however—which was constructed from
components of the R&D budget—the RFA was constructed
out of easily-trackable programs and included some non-
R&D programs, such as NSF education programs and staff
salaries at the National Institutes of Health (NIH) and NSF.
The RFA consisted of only civilian (nondefense) R&D; it
captured 94 percent of civilian basic research, 72 percent
of civilian applied research, and 51 percent of civilian de-
velopment. With regard to specific Federal agencies, the
RFA included R&D supported by the Department of Health
and Human Services (HHS), NSF, DOE, the Department
of the Interior (DOI), the Environmental Protection Agency
(EPA), and the Department of Veterans Affairs; R&D sup-
ported by various offices under the Department of Agri-
culture (USDA), the Department of Commerce (DOC),
the National Aeronautics and Space Administration
(NASA), and the Department of Education; and R&D as-
sociated with the “Climate Change Technology Initiative”
interagency project. Not included under the RFA concept
was R&D supported by DOD, the Department of Housing
and Urban Development (HUD) (not otherwise included
in the climate change technology initiative), the Depart-
ment of Justice (DOJ), the Department of Labor (DOL),
and the Department of Transportation (DOT).

The FY 2000 Budget refers to the concept “21st Cen-
tury Research Fund,” which is a slight modification of the
RFA.. It expands the RFA to include basic and applied re-
search in defense, adds certain programs in transportation,
and removes the HUD portion of the climate change tech-
nology initiative. Thus, the 21st Century Research Fund
includes research supported by HHS, NSF, DOE, NASA,
DOD, USDA, DOC, DOI, EPA, the Department of \eter-
ans Affairs, the Department of Education, and DOT but
does not include research supported by HUD, DOJ, DOL,
the Treasury Department, the Smithsonian Institution, and
other agencies with relatively low levels of research sup-
port.

The 21st Century Fund’s estimated total budget author-
ity for FY 1998, according to the 2000 Budget of the United
States Government, is $33.8 billion. It captures approxi-
mately 95 percent of total basic research and 75 percent of
total applied research. Like the RFA, the 21st Century Fund
includes some development funds, as well as the same non-
R&D programs as the RFA. Consequently, it is not com-
parable to total research funding as defined and reported
in this chapter.
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At first glance, the R&D budget authority for energy ap-
pears to have declined rapidly in recent years—in particular,
from $2.4 billion in 1997 to only $0.9 billion in 1998. (See
figure 2-4.) This effect, however, was the result of reclassifi-
cation, not an actual decline in economic resources devoted
to energy R&D. Beginning in FY 1998, several DOE pro-
grams were reclassified from “energy” to “general science,”
so the decline from $2.4 billion to $0.9 billion in energy R&D
was offset by an increase in general science from $2.9 billion
to $4.4 billion. (See appendix table 2-23.)

Federal Support by Functional Categories
Defense-related R&D, as a proportion of the Nation’ total
R&D, has undergone substantial shifts. From 1953 to 1959,
defense-related R&D rose from 48 percent to 54 percent; it
then declined to a relative low of 24 percent in 1980. From
1980 to 1987, it climbed again to 31.8 percent, but then it de-
clined again to a low of 16 percent in 1998.1° (See figure 2-5.)

0T hese shares by national objective represent a distribution of performer-
reported R&D data. They are distinct from the budget authority shares re-
ported above, which are based on the functional categories that constitute
the Federal budget.

Text table 2-2.
R&D as a percentage of Federal budget authority,
by function: FY 2000

Millions of dollars Percent
R&D total Federal R&D
Budget function (preliminary 2000) total share
] = | S 75,415 1,781,050 4.2
On-budget .. 75,415 1,441,914 5.2
National defense ............... 37,710 280,800 134
Nondefense (on-budget) ... 37,704 1,161,114 3.2
Health.......ccocoeveeiiin. 15,824 155,483 10.2
Space research
and technology ............ 8,422 12,509 67.3
Energy? ......cocoeeeiiieeennn. 1,348 (2,260) NA
General science .............. 4,951 6,771 73.1
Natural resources
and environment 1,944 23,952 8.1
Transportation ........ .. 1,840 53,423 3.4
Agriculture ........ccccceeveene 1,522 14,148 10.8
All other ........ccocvvivivnnennn. 1,853 897,088 0.2

NA = Not applicable

NOTES: Because of rounding, components may not add to totals
shown. Data are derived from the Administration’s 1999 budget
proposal. On-budget totals are for all Federal Government
transactions except those of the Social Security trust funds (Federal
Old-Age and Survivors Insurance and Federal Disability Insurance
Trust Funds) and the Postal Service.

aThe budget authority for Energy is negative because of offsetting
receipts from sales of the Strategic Petroleum Reserve.

SOURCES: National Science Foundation, Division of Science
Resources Studies, and Office of Management and Budget, The
Budget for Fiscal Year 2000, Historical Tables, and National Science
Foundation/Division of Science Resources Studies, Federal R&D
Funding by Budget Function: Fiscal Years 1998-2000.

Science & Engineering Indicators — 2000

Text table 2-3.

Budget authority for R&D by function and charac-
ter of work: Anticipated levels for FY 2000
(Millions of dollars)

Applied
Basic  research and

Budget function research development R&D total
Total ..coovveiieeiiciiee 18,101 57,314 75,415
National defense ....... 1,152 36,559 37,710
Nondefense (total)...... 16,949 20,755 37,704
Health..........c.ceeneee 8,590 7,234 15,824
Space research
and technology .... 1,841 6,581 8,422
Energy .....ccocvveeeennn. 46 1,302 1,348
General science ...... 4,710 241 4,951
Natural resources
and environment .. 175 1,769 1,944
Transportation ......... 634 1,206 1,840
Agriculture ............... 736 786 1,522
All other ........cccceee. 218 1,636 1,853

NOTE: Because of rounding, components may not add to totals
shown.

SOURCES: National Science Foundation, Division of Science
Resources Studies (NSF/SRS), Federal R&D Funding by Budget
Function: Fiscal Years 1998-2000, and unpublished tabulations.
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Space-related R&D funding, as a percentage of total R&D
funding, reached a peak of 22 percent in 1965, during the
height of U.S. efforts to surpass the Soviet Union in space
travel. It declined after that, to a low of 3 percent in 1984 and
1986. By 1990 it was back up to 4 percent, and it has re-
mained between 4 and 5 percent since. Federal support for
nondefense/nonspace R&D programs, as a percentage of to-
tal U.S. R&D, has been declining steadily since 1994, when it
was 12 percent. It was 10 percent in 1998—the lowest since
1961 (when it was 9 percent).

R&D by Federal Agency

According to preliminary data provided by Federal agen-
cies, in FY 1999 DOD was the source of 75 percent of all
Federal R&D obligations to industry, excluding industry-ad-
ministered FFRDCs. (See appendix table 2-38.) Nearly all
(94 percent) of these funds supported development work. Two
other agencies—NASA and DOE—provide most of the other
Federal R&D funds that industry receives.

HHS accounted for 59 percent of all Federal R&D obliga-
tions to universities and colleges, excluding university-admin-
istered FFRDCs, in FY 1999. Most of HHS’s R&D support
(56 percent) is directed toward academia; 21 percent is spent
internally, mostly in NIH laboratories. HHS also accounts for
67 percent of all Federal R&D obligations for nonprofit or-
ganizations in 1999. Approximately 5 percent of HHS R&D
obligations go to industrial firms.

NSF and DOD are the other leading supporters of R&D
conducted in academic facilities. Eighty-one percent of NSF’s
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Figure 2-5.
Trends in Federal and non-Federal R&D expendi-
tures as a percentage of total R&D: 1953-98
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R&D budget supports projects at universities and colleges.
Most of the remainder is divided among other nonprofit or-
ganizations (7 percent), university-administered FFRDCs (6
percent), and industry (5 percent). DOD provides only 4 per-
cent of its R&D support to universities and colleges; it pro-
vides 70 percent to industry and 23 percent to Federal
intramural activities. In contrast, DOE provides 9 percent of
its support to universities, 22 percent to industry, 12 percent
to Federal intramural activities, and 37 percent to FFRDCs
administered by universities and colleges.

Of all Federal obligations to FFRDCs in FY 1999, DOE
accounted for 61 percent, NASA accounted for 18 percent,
and DOD accounted for 14 percent. More than half (56 per-
cent) of DOE’s R&D support is directed to FFRDCs.

Unlike all other Federal agencies, USDA, DOC, and DOI
spend most of their R&D obligations internally. Most of the
R&D supported by these agencies is mission-oriented and is
conducted in laboratories run by the Agricultural Research
Service, the National Institute for Standards and Technology
(NIST), and the U.S. Geological Survey (USGS).

Federal R&D obligations are concentrated in a small num-
ber of agencies. Six Federal agencies had R&D obligations
of more than $1 billion in FY 1998 (out of total Federal R&D
obligations of $72 billion). These agencies, in descending
order of R&D obligations, are DOD (48.3 percent of the to-
tal), HHS (19.02 percent), NASA (13.7 percent), DOE (8.1
percent), NSF (3.3 percent), and USDA (2.0 percent). (See
figure 2-6 and text table 2-4.)

In contrast to total R&D obligations, only three agencies
had intramural R&D expenditures that exceeded $1 billion in
1998, including costs associated with planning and adminis-
tering extramural R&D programs: DOD, HHS (which includes

NIH), and NASA. These three agencies together accounted
for 81 percent of all Federal R&D obligations for 1998 and
77 percent of Federal intramural R&D.

All agencies, including those that fund R&D, are subject
to evaluation and scrutiny according to the Government Per-
formance and Results Act (GPRA) of 1993. (See sidebar,
“GPRA and Federal Support for R&D.”)

Federal Support to Academia

The Federal Government has long provided the largest
share of R&D funds used by universities and colleges. In the
early 1980s, Federal funds accounted for roughly two-thirds
of the academic total. By 1991, however, that share had
dropped to 59 percent, and it has remained between 59 and
60 percent since. Although this share of funding has not
changed much in recent years, the actual amount of funding,
in real terms, grew an average of 4.8 percent per year be-
tween 1985 and 1994 and 2.8 percent between 1994 and 1998.
(For more information on academic R&D, see chapter 6.)

Figure 2-6.
National R&D obligations, by selected agency
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GPRA and Federal Support for R&D

In response to the Clinton Administration’s effort to
move toward a government that works better and costs
less, Congress passed the Government Performance and
Results Act (GPRA) of 1993. GPRA aims to shift the fo-
cus of Federal agencies away from traditional concerns
such as staffing and the level of services provided and
toward results. Specifically, GPRA seeks to improve Fed-
eral planning and management, increase accountability for
and assessment of results, and provide better information
for congressional and agency decisionmaking. To accom-
plish these and related goals, GPRA requires every Fed-
eral agency to prepare detailed, multiyear strategic plans,
annual performance plans, and annual performance re-
ports. These documents give agencies formal tools with
which to set forth goals, to prepare plans to meet those
goals, and to assess and measure progress and accomplish-
ments on a regular and systematic basis.

GPRA poses a particular challenge for agencies that
must assess the scientific research programs they fund. In
fact, the General Accounting Office (GAQO) has found that
measuring the discrete contribution of a Federal initiative
to a specific program result is particularly challenging for
regulatory programs; scientific research programs; and
programs that deliver services to taxpayers through third
parties, such as state and local governments (GAO 1997a).
Regarding research programs, GAO points out that the
amount of money spent on R&D has been used as the
primary indicator of how much research is being performed
in a given area—but that such an input indicator does not
provide a good indication of the outcomes (results) of the
research. In a recent report, GAO notes:

Experts in research measurement have tried for years to
develop indicators that would provide a measure of the
results of R&D. However, the very nature of the innova-
tive process makes measuring the performance of science-
related projects difficult. For example, a wide range of
factors determine if and when a particular R&D project
will result in commercial or other benefits. It can also
take many years for a research project to achieve
results...Experiences from pilot efforts made under the
Government Performance and Results Act have reinforced
the finding that output measures are highly specific to
the management and mission of each Federal agency and
that no single indicator exists to measure the results of
the research (GAO 1997b, 2-3).

The Committee on Science, Engineering, and Public
Policy (COSEPUP)—a joint committee of the National
Academy of Sciences, the National Academy of Engineer-
ing, and the Institute of Medicine—wrote a report titled
Evaluating Federal Research Programs: Research and the
Government Performance and Results Act (COSEPUP
1999). As the title suggests, the report addressed how
Federally supported research should be evaluated for its
compliance with GPRA requirements. According to the
report, “Agencies are required to develop a strategic plan

that sets goals and objectives for at least a 5-year period,

an annual performance plan that translates the goals of

the strategic plan into annual targets, and an annual per-
formance report that demonstrates whether targets are met”

(COSEPUP 1999, 1).

Through its expert analysis of the nature of Federal re-
search support and its understanding of GPRA require-
ments, COSEPUP reached the following conclusions:

4 Both applied research and basic research...can be
evaluated meaningfully on a regular basis.

4 Agencies must evaluate their research programs by us-
ing measurements that match the character of research.

4 The most effective means of evaluating Federally
funded research programs is expert review.

4 Agencies must pay increased attention to their human-
resource requirements in terms of training and educat-
ing young scientists and engineers and in terms of pro-
viding an adequate supply of scientists and engineers
to academe, industry, and Federal laboratories.

4 Mechanisms for coordinating research programs in
multiple agencies whose fields or subject matters over-
lap are insufficient.

4 The development of effective methods for evaluating
and reporting performance requires the participation
of the scientific and engineering community, whose
members will necessarily be involved in expert review
(COSEPUP 1999, 4-8).

In accordance with these findings, COSEPUP made
the following recommendations:

4 Research programs should be described in strategic and
performance plans and evaluated in performance reports.

4 For applied research programs, agencies should mea-
sure progress toward practical outcomes. For basic re-
search programs, agencies should measure quality, rel-
evance, and leadership.

4 Federal agencies should use expert review to assess the
quality of research they support, the relevance of that re-
search to their mission, and the leadership of that research.

4 Both research and mission agencies should describe in
their strategic and performance plans the goal of de-
veloping and maintaining adequate human resources
in fields critical to their missions both at the national
level and in their agencies.

4 Although GPRA is conducted agency-by-agency, a for-
mal process should be established to identify and co-
ordinate areas of research that are supported by mul-
tiple agencies. A lead agency should be identified for
each field of research and that agency should be re-
sponsible for assuring that coordination occurs among
the agencies.

4 The science and engineering community can and should
play an important role in GPRA implementation
(COSEPUP 1999, 8-11).
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Text table 2—-4.

Federal R&D obligations, total and intramural by agency: FY 1998

Total R&D
obligations as a Intramural R&D
share of Federal

total (percent)

Percent of
agency R&D
obligations that
are intramural®

Percent change
in real intramural
R&D from
previous year®

(millions of
current dollars)

Total R&D

obligations

(millions of
Agency current dollars)
Department of Defense .........ccceevcvveeciveeenne 34,832.6
Dept of Health & Human Services, total ..... 13,717.8
National Aeronautics & Space Admin ... 9,850.7
Department of Energy ..........ccceeceuveenne . 5,833.1
National Science Foundation...................... 2,356.9
Department of Agriculture, total.................. 1,441.9
Department of Commerce, total ................. 978.7
Department of Transportation, total ............ 664.7
Department of the Interior, total .................. 613.3
Environmental Protection Agency............... 606.0
Department of Veterans Affairs ........ . 299.3
Department of Education......... . 211.8
Agency for International Development ....... 183.9
Smithsonian INStitution ..........ccccceeveerieenen. 134.0
Department of Justice, total ....................... 102.9
Department of the Treasury, total................ 74.2
Social Security Administration .................... 56.1
Nuclear Regulatory Commission . 50.7
Department of Labor, total .............c..ccuveeee 46.8
Dept of Housing & Urban Development ..... 39.6
U.S. International Trade Commission ......... 5.8
Tennessee Valley Authority . ......ccccoeevveennen 2.9
Library of Congress . .....ccoccevevveeiiineeniineens 2.5
Department of State . .........cccceeviiieeiiieene 1.0
Other AGeNCIES® .......coeevveeeeiiieeciieeeciieeeins 6.9
Entire Federal Government?.................... 72,114.1

48.30 7,750.6 22.25 —6.1
19.02 2,957.2 21.56 9.3
13.66 2,462.7 25.00 4.4
8.09 535.1 9.17 24.3
3.27 14.4 0.61 3.9
2.00 954.9 66.23 3.0
1.36 695.1 71.02 3.4
0.92 265.8 39.99 36.8
0.85 541.9 88.36 3.3
0.84 289.3 47.74 111
0.42 299.3 100.00 17.0
0.29 9.8 4.63 5.3
0.26 21.0 11.42 —7.8
0.19 134.0 100.00 1.9
0.14 42.2 41.01 0.2
0.10 45.3 61.05 15.7
0.08 6.3 11.23 24.5
0.07 14.0 27.61 -9.0
0.06 16.8 35.90 25.8
0.05 25.0 63.13 16.5
0.01 5.8 100.00 0.5
0.00 2.9 100.00 —67.8
0.00 2.5 100.00 -11.8
0.00 0.3 30.00 -1.2
0.01 5.4 78.26 11.2
100.00 17,097.6 23.71 1.0

antramural activities include actual intramural R&D performance and the costs associated with the planning and administration of both intramural and

extramural programs by Federal personnel.

PBased on fiscal year GDP implicit price deflators for 1997 and 1998. (See appendix table 2-1.)

CIncludes: Appalachian Regional Commission, Consumer Product Safety Commission, Federal Communications Commission, Federal Trade Commis-
sion, National Archives and Records Administration, U.S. Arms Control and Disarmament Agency, and U.S. Information Agency.

dNumbers do not total exactly, due to rounding.

SOURCE: National Science Foundation, Division of Science Resources Studies (NSF/SRS), Survey of Federal Funds for Research and Development:

Fiscal Years 1997, 1998, and 1999.

R&D performance in 1998 by university-administered
FFRDCs was $5.5 billion, or approximately 2.4 percent of
the national R&D effort. These FFRDCs accounted for 17.3
percent of total 1998 academic R&D performance (universi-
ties and colleges plus academically administered FFRDCs).
From 1974 to 1980, R&D at academically administered
FFRDCs grew by 8.5 percent per year in real terms. This in-
crease largely mirrored the Federal emphasis on energy pro-
grams. Since 1980, the Federal shift away from energy
concerns has resulted in much slower growth in academically
administered FFRDC R&D performance—only 1.2 percent
per year in real terms.

Science & Engineering Indicators — 2000

Federal Funding to Other Sectors

Trends in Federal funding to industry, FFRDCs, and other
nonprofit organizations have varied considerably over time.
(See figure 2-7.) The greatest fluctuation has been Federal
funds to industry (excluding industry-administered FFRDCs),
which rose from a low of $7.1 billion (in constant 1992 dol-
lars) in 1953 (at the beginning of a time series)!* to $31.1
billion in 1966, fell to $18.7 billion in 1975, rose sharply

HThe 1953 value is actually an overestimate because the 1953 and 1954
figures for Federal support to industry include support to industry-adminis-
tered FFRDCs, whereas the figures for subsequent years do not. (See appen-
dix table 2-6.)
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Figure 2-7.
Federal R&D support, by performing sector
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thereafter to $34.6 billion in 1987, and then fell sharply again
to $19.3 billion in 1994. From 1994 to 1998, however, Fed-
eral support to industry has been relatively unchanged—rang-
ing from $19.3 to $19.7 billion (in constant 1992 dollars).
These trends reflect the historical shifts in Federal priorities
on defense-, space-, heath-, and energy-related R&D. (See
sidebar, “FY 1998 is Final Year for Tracking of Independent
Research and Development Defense Spending.”)

Federal funding to FFRDCs and nonprofit organizations has
undergone much less fluctuation since 1953. Federal support
to nonprofit organizations displayed steady growth overall for
the 1953-98 period. Support to FFRDCs grew substantially in
real terms between 1955 and 1963, experienced almost no real
growth between 1963 and 1981, grew substantially again be-
tween 1981 and 1985, and has since experienced a gradual
decline in real funding. (See figure 2-7.)

Federal financing for industrial R&D, including industry
FFRDCs, has varied markedly across time and across differ-
ent industries. The Federal Government provided $23.9 bil-
lion for industry R&D in 1997 (the most recent year for which
detailed data by industrial category are available). Aerospace
companies (or the industrial sector “aircraft and missiles™)
alone received 44 percent of all Federal R&D funds provided
to all industries. Consequently, 65 percent of the aerospace
industry’s R&D dollars came from Federal sources; the re-
maining 35 percent came from those companies’ own funds.
In comparison, the drugs and medicines sector in 1997 fi-
nanced 100 percent of its R&D from company funds; ma-
chinery financed 99 percent of its R&D from company funds,
professional and scientific instruments financed 67 percent
from company funds, transportation equipment other than
aircraft and missiles financed 90 percent from company funds,
business services financed 97 percent from company funds,

and engineering and management services financed 64 per-
cent from company funds.*?

Federal funding of R&D in aircraft and missiles has de-
clined between 1985 and 1997, both as a percentage of total
Federal support to all industries and as a percentage of the
aircraft and missiles sector’s total R&D. (See figure 2-8.)
Nevertheless, the aircraft and missiles sector has continued
to receive more Federal support than any other industrial sec-
tor in actual dollars. The exact amounts, however, seem some-
what in question. Classifying and tracking Federal support
for defense-related industrial R&D appears to be extremely
difficult. (See “Accounting for Defense R&D: Gap Between
Performer- and Source-Reported Expenditures.”)

Federal R&D support for professional and scientific in-
struments rose sharply between 1988 and 1997—from 0.6
percent of all Federal support to industry to 19 percent of all
Federal support. Likewise, Federal support in this area grew
from only 3 percent of the sector’s total R&D performance in
1988 to 33 percent 1997. (See figure 2-8.)

Interestingly, Federal funds devoted to the nonmanu-
facturing sector grew from 9 to 17 percent between 1985 and
1997. Because total Federal support to industry declined in
real terms over this period, however, Federal support to R&D
in nonmanufacturing as a percentage of all R&D in
nonmanufacturing declined markedly over the same period—
from 34 percent in 1985 to 11 percent in 1997.

Also declining over this period—both as a percentage of
the Federal contribution and as a percentage of each of the
sectors’ total R&D performance—was Federal support for
R&D in electrical equipment, transportation equipment other
than aircraft and missiles, and machinery. (See figure 2-8.)

Federal Support for Small Business R&D

In addition to traditional government procurement for R&D
that tends to be performed by large companies, Federal R&D
support is also provided through its Small Business Innova-
tion Research (SBIR) Program. Created in 1982 to strengthen
the role of small firms in Federally supported R&D, the SBIR
Program presently consists of 10 independently administered
Federal agency programs; it is the country’s largest merit-
based competitive grants program available to small busi-
nesses. Through FY 1997, the SBIR Program had directed
nearly 46,000 awards worth more than $7.5 billion in R&D
support to thousands of qualified small high-technology com-
panies on a competitive basis. Under this program—which is
coordinated by the Small Business Administration (SBA) and
is in effect until the year 2000—when an agency’s external
R&D obligations (those exclusive of in-house R&D perfor-
mance) exceed $100 million, the agency must set aside a fixed
percentage of such obligations for SBIR projects. This per-

2The 100 percent company funding for the drugs and medicines sector
does not include the benefits this sector receives from R&D financed by
NIH.
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FY 1998 is Final Year for Tracking of
Independent Research and Development Defense Spending

In addition to the Federal R&D obligations discussed in this chapter, DOD’s Independent Research and Development
(IR&D) Program enables industry to obtain Federal funding for R&D conducted in anticipation of government defense
and space needs. Because private contractors initiate IR&D themselves, IR&D is distinct from R&D performed under
contract to government agencies for specific purposes. IR&D allows contractors to recover a portion of their in-house
R&D costs through overhead payments on Federal contracts on the same basis as general and administrative expenses.*

Until 1992, all reimbursable IR&D projects were to have “potential military relevance.” Because of the concern that
defense cutbacks would reduce civilian R&D—not only in the level of commercial spillovers from weapons research but,
more important, in dramatically reduced DOD procurement from which IR&D is funded—the rules for reimbursement
have been successively eased and the eligibility criteria broadened. Reimbursement is now permissible for a variety of
IR&D projects of interest to DOD, including those intended to enhance industrial competitiveness, develop or promote
dual-use technologies, or provide technologies that address environmental concerns. DOD reimbursed $1.6 billion in
1998. (NASA also reimburses firms for IR&D costs, but those amounts are significantly less—about 5 to 10 percent of the
DOD reimbursements.) As an equivalent proportion of DOD’s direct industrial R&D support, IR&D fell from 12 percent
in 1984 to less than 7 percent in 1998, although the latter figure is undoubtedly on the low side as a result of accounting
and statistical changes. (See appendix table 2-43.) Prior to 1993, contractors with auditable costs of $40 million or more
were included in the IR&D statistics. Since then, the threshold has included only firms with auditable costs of more than
$70 million. As a result of auditing and reimbursement policy changes that allow practically all of industry’s IR&D claims,
future collection of IR&D data is not expected.

*In national statistics on R&D performance and funding, industrial firms are requested to report IR&D expenditures as industry-funded, industry-
performed R&D. Ultimately, firms expect to be reimbursed for most—but not all—of these expenditures. Federal agencies do not include IR&D
obligations in their reported R&D totals. For example, IR&D reimbursements to industry are paid out of DOD’s procurement accounts, not its research,
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development, test, and evaluation (RDT&E) accounts.

centage initially was set at 1.25 percent, but under the Small
Business Research and Development Enhancement Act of
1992, it rose incrementally to 2.5 percent by 1997.

To obtain funding, a company applies for a Phase | SBIR
grant. The proposed project must meet an agency’s research
needs and have commercial potential. If approved, grants of
up to $100,000 are made to allow evaluation of the scientific
and technical merit and feasibility of an idea. If the concept
shows potential, the company can receive a Phase Il grant of
up to $750,000 to develop the idea further. In Phase 11, the
innovation must be brought to market with private-sector in-
vestment and support; no SBIR funds may be used for Phase
I activities.

Ten Federal agencies participated in the SBIR Program in
1997, making awards totaling $1.1 billion—an amount equiva-
lent to 1.6 percent of all government R&D obligations (2 per-
cent of Federally funded R&D performed outside of government
labs). The total amount obligated for SBIR awards in 1997 was
20 percent more than in 1996—a result of legislatively required
increases in R&D amounts agencies must earmark for SBIR.
Since 1992, SBIR funding has more than doubled, while total
Federal R&D funding has increased by just 5 percent. In FY
1997, 74 percent of total SBIR funds were disbursed through
Phase I grants, although 71 percent of the grants awarded were
Phase | grants (3,371 of 4,775 awards). Approximately 51 per-
cent of all SBIR obligations were provided by DOD, mirroring
this agency’s share of the Federal R&D extramural funding to-
tal. (See appendix table 2-44.)

Except for evaluations undertaken by GAQ, there have been
few independent assessments of the overall effectiveness of
the SBIR Program. Where such assessments do exist, how-
ever, there is general agreement that the quality of funded
research proposals is high and that the value of the program
in fostering small business technology-led economic growth
is apparent. (See, for example, GAO 1997a and 1998.) In a
recent assessment of program administrators’ perspectives on
SBIR strengths and weaknesses, Federal and state partners
agreed that SBIR is invaluable as an effective catalyst for the
development of technological innovations by small businesses.
Indicative of this viewpoint, all but two states—Kentucky and
Pennsylvania—currently have some structured SBIR promo-
tion or assistance effort underway (SSTI 1999b). Most state
initiatives focus on the early stages of the SBIR process—for
example, creating awareness of the program and supporting
pre-Phase 1 activities. (See text table 2-5.)

SBA classifies SBIR awards into various technology ar-
eas. In terms of all SBIR awards made during the 1983-97
period, the fine technology areas receiving the largest (value)
share of awards were advanced materials, electronics de-
vice performance, electromagnetic radiation, and computer
communications systems. More broadly, more than one-
fourth of all awards made from 1983 to 1997 were electron-
ics-related, and roughly one-sixth involved computers. (See
figure 2-9.) Computer- and electronics-related projects re-
ceived more than 70 percent of their support from DOD and
NASA. One-seventh of all SBIR awards went to life sci-
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Figure 2-8. Text table 2-5.
Federal support for R&D in selected industries as Number of states offering different types of SBIR
a percentage of all Federal support to assistance and services: 1998
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Figure 2-9.

Small business innovation research awards,
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Federal R&D Tax Credits

The U.S. government has tried various policy instruments Materials 17.6%
in addition to direct financial R&D support to indirectly stimu-
late corporate research spending. Proponents of such mea-
sures commonly note that, especially as Federal discretionary
spending for R&D is squeezed, incentives must be used to
invigorate U.S. investment in private-sector innovation to ex-
pand U.S. global leadership in high technology. The most
notable of these efforts have been tax credits on incremental
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SOURCE: Small Business Administration, Annual Report-FY 1997.
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research and experimentation (R&E) expenditures.®® The
credit was first put in place in 1981; it has been renewed nine
times, most recently through the end of June 1999.%4 Although
the computations are complicated, the tax code provides for a
20 percent credit for a company’s qualified R&D amount that
exceeds a certain threshold.®® Since 1986, companies have
been allowed to claim a similar credit for basic research grants
to universities and other qualifying nonprofit institutions, al-
though otherwise deductible R&E expenditures are reduced
by the amount of the basic research credit. This basic research
provision generally has gone unutilized.®

According to a report prepared for the Joint Economic
Committee of the U.S. Congress (based on information from
the Internal Revenue Service Statistics of Income publica-
tions), more than 12,000 firms use the tax credit (Whang
1998b). From tax years 1991 through 1995 (the latest year of
available data), an average of 12,472 firms filed claims total-
ing $1.85 billion each year, although not all claims are al-
lowed and not all of the allowed credits can be taken
immediately. (Thus, the dollar value of R&E tax credits actu-
ally received by firms is unknown.) In dollar terms, the larg-
est credits are claimed by large manufacturers—especially
pharmaceuticals, motor vehicles, aircraft, electronics and
computer firms. Companies with more than $250 million in
assets account for three-quarters of the dollar value of all credit
claims. On the other hand, three-quarters of credit claimants
have assets of $25 million or less, and many claims are filed
by medium-sized manufacturers and service providers.

Budget Impact of Federal Tax Credits

To determine the budgetary effect of the credit, the Trea-
sury Department annually calculates estimates of foregone
tax revenue (tax expenditures) resulting from preferential tax
provisions, including the R&E tax credit. As one such mea-

BNot all R&D expenditures are eligible for such credit, which is limited
to expenditures on laboratory or experimental R&D.

14Simply knowing whether the tax credit is in effect is a formidable chal-
lenge. Annual extensions have become the norm, and credits are often rein-
stated retroactively one or two months after the credit expires. At this writing,
provision for the tax credit had once again lapsed, but congressional indica-
tions were that the credit would be renewed again, retroactively to July 1,
1999, and perhaps with a five-year extension.

5The complex base structure for calculating qualified R&D spending was
put in place by the Omnibus Reconciliation Act of 1989. With various ex-
ceptions, a company’s qualifying threshold is the product of a fixed-base
percentage multiplied by the average amount of the company’s gross receipts
for the four preceding years. The fixed-base percentage is the ratio of R&E
expenses to gross receipts for the increasingly distant 1984—88 period. Spe-
cial provisions cover startup firms. An alternative credit was established in
1996 that is not dependent on a firm’s incremental R&D. Instead, a 1.65
percent to 2.74 percent credit is awarded for all research expenses exceeding
1 percent of sales. The marginal value of this credit has provided minimal
incentive for firms (Whang 1998a).

161n 1992 (the latest year for which any such data exist), firms applying
for the R&E credit spent about $1 billion on research performed by educa-
tional and scientific organizations. After accounting for various qualifica-
tion restrictions, the basic research credit contributed less than $200 million
toward the R&E tax credit (OTA 1995; Whang 1998a).

sure, Treasury provides outlay-equivalent!” figures that al-
low a comparison of the cost of this tax expenditure with the
cost of a direct Federal R&D outlay. Between fiscal years
1981 and 1998, an outlay-equivalent of more than $32 billion
was provided to industry through this indirect means. For FY
1998 alone, Treasury calculates an outlay-equivalent of $3.3
billion from the R&D tax credit. Consequently, these credits
were equivalent to about 3.2 percent of direct Federal R&D
support for the entire 1981-98 period and a record 4.7 per-
cent of direct Federal obligations in FY 1998. (See figure
2-10 and appendix table 2-45.)

State R&D Tax Credits

The Federal Government is not the only source of fiscal
incentives for increasing research. According to a survey of
the State Science and Technology Institute (SSTI 1997a), 35
states offered some type of incentive for R&D activity in 1996.
Many states offered an income tax credit modeled after the
Federal R&E credit guidelines. Fifteen states applied the Fed-
eral research tax credit concepts of qualified expenditures or
base years to their own incentive programs, although they
frequently specified that the credit could be applied only to
expenditures for activities taking place within the state. Other
types of R&D incentives included sales and use tax credits
and property tax credits.

Specifically, the “outlay-equivalent” measure is the amount of outlay
that would be required to provide the taxpayer the same after-tax income as
would be received through the tax preference. These amounts tend to be
greater than estimates of Federal “revenue losses” from the credit because
the outlay program increases the taxpayer’s pre-tax income.

Figure 2-10.
Budgetary impact of Federal research and
experimentation tax credit: FYs 1988-99

Billions of constant Ratio of credit

1992 dollars outlays to R&D
5 5
4 4
3 3
o Dollars\ %
1 1
0 0

1988 1990 1992 1994 1996 1998

See appendix table 2-45.
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State Government Support for R&D

The pivotal role of state governments in expanding regional
economic growth through science and technology (S&T) de-
velopment is a widely recognized, albeit relatively recent, phe-
nomenon. Almost all states have established lead S&T offices;
the existence of most of these offices can be traced only to
the mid- to late 1980s (NSB 1991). During the 1990s, states
increasingly have included an S&T component in their eco-
nomic development plans. Many states have adopted state-
wide S&T strategic initiatives of varying levels of
sophistication and complexity (SSTI 1997b). A review of
“State of the State” speeches, inaugural addresses, and bud-
get messages delivered by most governors in the early part of
1999 indicates a continuing high level of interest in S&T-
based economic development (SSTI 1999a). Common to these
plans is the acknowledged importance of:

4 Maintaining and strengthening the R&D capacity of the
states’ colleges and universities;

4 Encouraging “home grown” businesses by providing sup-
port to entrepreneurs and small technology-based firms;
and

4 Facilitating the incorporation of new technology into pro-
cesses and products.

States have become particularly adept at leveraging funds and
fostering university-industry partnerships.

NSF has sponsored intermittent surveys of state govern-
ments’ R&D expenditures dating to the mid-1960s. Over the
past 30 years, growth in state R&D support is readily appar-

Text table 2-6.
Trends in state government R&D expenditures
(Billions of constant 1992 dollars?)

ent; it generally has been proportionate to changes in other
R&D indicators. (See text table 2-6.) Between 1965 and 1995,
total state R&D spending increased at an inflation-adjusted
average annual rate of 3.3 percent, compared with nation-
wide R&D spending growth of 2.5 percent per year (NSF
1999d). State sources of state R&D spending grew by 3.4
percent annually, from $732 million (1992 dollars) in 1965 to
$2.010 billion (1992 dollars) in 1995. Most of the remaining
funds derived from Federal agency support to state agencies.
In 1995, state sources for R&D expenditures were equivalent
to 1.18 percent of total R&D spending in the United States—
a figure similar to the percentages estimated for 1987 and
1977 (1.20 and 1.21 percent, respectively) and somewhat
higher than the 1965 estimate (of 0.9 percent). As a percent-
age of GDP, state sources for R&D have ranged narrowly
between 0.025 and 0.032 percent during the 1965-95 period
for which there are data. These data also show that universi-
ties historically have received the lion’s share of state-funded
R&D. In 1995, 80 percent of all state R&D funds from state
sources supported university activities—only slightly higher
than their estimated 78 percent share in 1965.

According to a report by Battelle and the State Science
and Technology Institute (Battelle/SSTI 1998), 45 percent of
all R&D funds from state sources ($2.431 billion) in 1995
were in support of the “science and technology base” ($1.088
billion), which includes research capacity building. (See text
table 2-7.) These funds were spent predominately in support
of university-based research. The only functional categories
other than “science and technology base” to receive 10 per-
cent or more of states’ R&D funds were “food, fiber, agricul-
ture” ($305 million) and “health” ($244 million). Universities

1965 1977 1987 1995
Total state R&D spending® ............cccveevveenneen. 0.884 1.451 2.093 2.336
State SOUrces ..........cccoeunne. 0.732 1.112 1.830 2.010
Federal sources 0.144 0.299 0.242 0.240
Non-government SOUrCes® ........cceeeevvuvrenens 0.008 0.040 0.020 0.086

State R&D indicators (percent)

State R&D/U.S. R&ED .......cccevviviiiiiiieiieainne 1.09 1.58 1.37 1.37

State sources/U.S. R&D 0.90 1.21 1.20 1.18
State R&D/U.S. GDP.......... 0.031 0.034 0.037 0.035
State sources/U.S. GDP 0.025 0.026 0.032 0.030

NOTE: Because of rounding, details may not add to totals. Excludes expenditures on R&D plant. Annual survey data in this table were adjusted data to

permit direct comparisons.

aGDP implicit price deflators used to convert current dollars to constant dollars.

bIncludes all funds under state government control. These include state sources such as direct appropriations and funds generated from state bonds,
funds from the Federal Government that pass through state agencies, and leveraged funds from industry and other non-government sources.

°Non-government sources include industry and other non-state, non-Federal sources such as donations, endowments, and gifts from private individuals

or foundations.

SOURCE: National Science Foundation, Division of Science Resources Studies, What is the State Government Role in the R&D Enterprise? Arlington,

VA: 1999.
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Text table 2-7.
State sources of R&D expenditures, by functional
purpose: FY 1995

($ millions) Percent
TOtal .o 2,431.1 100.0
Science & technology base ............... 1,087.7 44.7
Food, fibre, agriculture ............c.......... 305.4 12.6
Health ..o 243.7 10.0
Economic development ..................... 192.1 7.9
Other functions, N.€.C. .....cccceocvveviiene 158.4 6.5
Environment .........cccoocieeiiiiieniieees 110.1 4.5
Education 101.9 4.2
Transportation .........ccccceccveeviieeeiinnens 80.9 3.3
Natural resources 78.7 3.2
ENEIgY .oooooiiiiieeeeeeee e 44.1 1.8
Community development................... 16.8 0.7
Income security/social services......... 9.4 0.4
Crime prevention/control ................... 1.9 0.1

SOURCE: Battelle Memorial Institute and State Science and
Technology Institute, Survey of State Research and Development
Expenditures FY 1995. Columbus, OH: Battelle/SSTI, 1998.
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were the primary recipients for funding in both of these cat-
egories. “Health” was the single largest functional focus of
R&D performed by state agencies; almost 25 percent of the
$244 million state-funded state-performed R&D was health-
related. R&D explicitly related to “economic development”
accounted for 8 percent ($192 million) of total state R&D
funding in 1995. Reflecting recent trends to use R&D in sup-
port of local business and economic growth, however, “eco-
nomic development” accounted for 38 percent of state R&D
funds to industry ($33 million of the $87 million provided)
and 53 percent of state R&D funds to nonprofit organiza-
tions ($55 million of $105 million). By comparison, the func-
tionally equivalent category of “economic growth and
productivity” accounted for only 5 percent of state funding
for R&D to all performers in 1987 and for 2.2 percent of total
in 1977 (NSF 1999d).

Historical Trends in Non-Federal Support

R&D financing from non-Federal sources grew by 5.9 per-
cent per year (controlling for inflation) between 1953 and 1980.
Between 1980 and 1985, concurrent with gains in Federal R&D
spending, it grew at an even faster rate of 7.4 percent per year
in real terms. It then slowed to 4.1 percent between 1985 and
1990 and 2.9 percent between 1990 and 1995, but it was back
up to 8.4 percent for the 1995-98 period.

Most non-Federal R&D support is provided by industry. Of
the 1998 non-Federal support total ($160.2 billion), 93.4 per-
cent ($149.7 billion) was company funded, representing a 8.7
percent increase over its 1997 level in real terms. Industry’s share
of national R&D funding first surpassed that of the Federal
Government in 1980; it has remained higher ever since. From
1980 to 1985, industrial support for R&D, in real dollars, grew
at an average annual rate of 7.6 percent. This growth was main-

tained through the mild 1980 recession and the more severe
1982 recession. (See figure 2-1.) Key factors behind increases
in industrial R&D have included a growing concern with inter-
national competition, especially in high-technology industries;
the increasing technological sophistication of products, pro-
cesses, and services; and general growth in defense-related in-
dustries such as electronics, aircraft, and missiles.

Between 1985 and 1994, growth in R&D funding from
industry was slower, averaging only 2.8 percent per year in
real terms. This slower growth in industrial R&D funding was
only slightly greater than the real growth of the economy over
the same period (in terms of real GDP), which was 2.4 per-
cent. In contrast, from 1994 to 1998, industrial R&D support
grew in real terms by 8.9 percent per year, compared with a
3.4 percent growth rate for the economy overall.

As one might expect, however, growth of industrial R&D
varied significantly among different industrial sectors.*® The
largest sectors in recent years have been chemicals and allied
products, electrical equipment, machinery, nonmanufacturing,
and transportation equipment. (See appendix tables 2-53 and
2-54.) Between 1985 and 1997, the industrial sectors with
the highest rates of annual growth in real R&D performance,
from non-Federal sources, have been nonmanufacturing (14.7
percent); paper and allied products (4.9 percent); electrical
equipment (4.7 percent); and lumber, wood products, and fur-
niture (4.3 percent). Industries experiencing the greatest an-
nual declines (or negative growth) in R&D over the same
period were stone, clay, and glass products (5.3 percent);
petroleum refining and extraction (-5.3 percent); primary met-
als (2.5 percent); and food, kindred, and tobacco products
(0.9 percent). (See appendix table 2-54.)

R&D funding from other non-Federal sectors—academic and
other nonprofit institutions and state and local governments—
has been more consistent over time. It grew in real terms at
average annual rates of 5.2 percent between 1980 and 1985, 8.2
percent between 1985 and 1990, 2.3 percent between 1990 and
1995, and 3.9 percent between 1995 and 1998. The level of
$10.6 billion in funding in 1998 was 4.8 percent higher in real
terms than the 1997 level. Most of these funds have been used
for research performed within the academic sector.

Trends in R&D Performance

U.S. R&D/GDP Ratio

Growth in R&D expenditure should be examined in the
context of the overall growth of the economy because, as a
part of the economy itself, R&D is influenced by many of the
same factors. Furthermore, the ratio of R&D expenditures to
GDP may be interpreted as a measure of the Nation’s com-
mitment to R&D relative to other endeavors.

A review of U.S. R&D expenditures as a percentage of
GDP over time shows an initial low of 1.36 percent in 1953
(when the NSF data series began), rising to its highest peak

18For studies of patterns of technological change among different indus-
trial sectors, see, for example, Nelson (1995); Pavitt (1984); Utterback (1979).
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of 2.88 percent in 1964, followed by a gradual decline to 2.13
percent in 1978. (See figure 2-11.) R&D expenditures rose
steadily again to a peak of 2.74 percent of GDP in 1985 and
did not fall below 2.6 percent until 1993. In 1994, the ratio
dropped to 2.43 percent—the lowest it had been since 1981.
Starting in 1994, however, R&D/GDP has been on an up-
ward trend as investments in R&D have outpaced growth on
the general economy. As a result, the current ratio of 2.67 for
1998 is the highest since 1991.

The initial drop in the R&D/GDP ratio from its peak in
1964 largely reflected Federal cutbacks in defense and space
R&D programs, although gains in energy R&D activities be-
tween 1975 and 1979 resulted in a relative stabilization of the
ratio at around 2.2 percent. (See figure 2-11.) Over the entire
1965-78 period, the annual percentage increase in real R&D
was less than the annual percentage increase in real GDP. In
years when real R&D spending decreased during that period,
real GDP also fell, but at a lower rate.

The rise in R&D/GDP from 1978 to 1985 was as much a
result of a slowdown in GDP growth as to increased spending
on R&D activities. For example, the 1980 and 1982 reces-
sions resulted in a slight decline in real GDP, but there was no
corresponding reduction in R&D spending. During previous
recessions, changes in funding for R&D tended to match or
exceed the adverse movements of broader economic measures.

R&D/GDP decreased from 2.74 percent in 1985 to 2.61
percent in 1989 but rose to 2.72 percent by 1991. (See figure
2-11.) Again, the ratio tended to fall when GDP experienced
relatively fast real growth and rise when it experienced rela-
tively slow real growth. Nevertheless, R&D itself was also
affected. The share of R&D that was defense related dropped
from 31.1 percent in 1985 to 22.6 percent in 1991. Commen-
surate with this change was the sharp fall in the share of R&D
that was Federally funded—from 46.0 percent in 1985 to 37.8
percentin 1991. (See figure 2-3.) This decline in Federal fund-
ing was counterbalanced by increased non-Federal funding.

Figure 2-11.
Historical pattern of R&D as a percentage of
GDP: 1953-98
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See appendix tables 2-1 and 2-3.
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Rates of Growth Among Sectors

The sectoral shares of U.S. R&D performance, measured
in terms of expenditures, have shifted significantly since the
early 1980s. (See figure 2-12.) In 1980, industry—including
industry-administered FFRDCs—performed 70.3 percent of
the Nations R&D, the academic sector (including academi-
cally administered FFRDCs) accounted for 13.9 percent, the
Federal Government performed 12.4 percent, and the non-
profit sector (including nonprofit-administered FFRDCs) per-
formed 3.4 percent. As industry’s defense-related R&D efforts

Figure 2-12.
National R&D performance, by type of
performer: 1953-1998
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See appendix tables 2-3 and 2-4.
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accelerated in the early 1980s, its share of the performance
total rose to 73.4 percent in 1985.

From 1985 to 1994, R&D performance grew by only 1.1
percent per year in real terms for all sectors combined. This
growth was not evenly balanced across sectors, however. R&D
performance at universities and colleges (including their
FFRDCs) grew by 4.1 percent per year in real terms, com-
pared with 0.7 percent real annual growth for industry, a de-
cline of 0.7 percent per year for Federal intramural
performance, and growth of 2.9 percent per year for nonprofit
organizations (including their FFRDCs).

The period from 1994 to 1998 witnessed dramatic changes
in these growth rates. Total R&D performance, in real terms,
averaged 5.8 percent growth per year—substantially higher than
in the earlier sluggish period. Yet R&D performance at univer-
sities and colleges (including their FFRDCs) grew by only 2.5
percent per year in real terms. Industry R&D performance (in-
cluding their FFRDCs) grew at a remarkable rate of 7.6 per-
cent in real terms. (See figure 2-7.) Federal intramural
performance declined by 0.6 percent per year in real terms.
Nonprofit organizations (including their FFRDCs), according
to current estimates, saw their R&D increase by only 2.0 per-
cent per year in real terms over the same four-year period.

According to preliminary estimates, in 1998 academia (in-
cluding FFRDCs) accounted for 14.0 percent of total U.S.
R&D performance, Federal intramural activities 7.6 percent,
other nonprofit organizations (including FFRDCS) 3.0 per-
cent, and private industry (including FFRDCS) 75.4 percent.
(See text table 2-1.)

Federal R&D Performance

The Federal Government, excluding FFRDCs, performed
$17.2 billion of total U.S. R&D in 1998. This figure was
slightly higher than the level for 1997 ($16.8 billion), which
reflected only 1.2 percent growth after adjusting for infla-
tion. Federal agencies accounted for 7.6 percent of the 1998
national R&D performance effort—continuing the gradual
decline, since 1972, of Federal performance as a percentage
of total R&D.

DOD has continued to perform more Federal intramural
R&D than any other Federal agency; in fact, in 1998 it per-
formed more than twice as much R&D as the next-largest
R&D- performing agency, HHS (whose intramural R&D is
performed primarily by NIH). (See text table 2-4.) DOD’
intramural R&D performance has grown by less than 1 per-
cent per year in real terms since FY 1980, however, reaching
a level of $7.8 billion in FY 1998. Furthermore, an undeter-
mined amount of DOD’s intramural R&D ultimately appears
to be contracted out to extramural performers. NASAs intra-
mural R&D has grown by 1.7 percent per year in real terms
since 1980, to $2.5 billion in FY 1998, while HHS intramural
performance has grown by 3.7 percent, to $3.0 billion.° To-

9This increase represents the overall effect on intramural R&D for the
agency, which takes into account the Social Security Administration (SSA)
becoming a separate agency from HHS during fiscal year 1995. That is, the
percentage increase reported would be larger, though negligibly, if HHS in
1995 had been defined as excluding SSA, as it is in 1996.

gether, these three agencies accounted for 77 percent of all
Federal intramural R&D in FY 1998. (See text table 2-4.)

Total R&D performed by industrial, academic, and non-
profit FFRDCs combined reached $8.7 billion in 1998, which
is essentially the same as its level of $8.4 billion in 1997 after
adjusting for inflation. R&D at FFRDCs in 1998 represented
3.8 percent of the national R&D effort; most of this R&D
($5.5 billion in 1998) was performed by university- and col-
lege-administered FFRDCs.

Industrial R&D Performance

Recent Growth in Industrial R&D

R&D performance by private industry reached $171.3 bil-
lion in 1998, including $2.4 billion spent by FFRDCs admin-
istered by industrial firms. This total represented a 7.6 percent
increase over the 1997 level of $157.5 billion—which, in turn,
reflected a smaller, though still notable, real gain of 6.9 per-
cent over 1996.

In 1998, R&D performed by industry that was not Federally
financed rose 8.7 percent in real terms above its 1997 level.
Overall, private companies (excluding industry-administered
FFRDCs) funded 86.8 percent ($146.7 billion) of their 1998
R&D performance, with the Federal Government funding nearly
all of the rest ($22.2 billion, or 13.2 percent of the total). Be-
tween 1997 and 1998, there was little or no change, in real
terms, in Federal funds for these industrial R&D activities. As
recently as 1987, the Federal funding share of industry’s per-
formance total (excluding FFRDCs) was 31.9 percent; how-
ever, the Federal share of industry’s performance has been
steadily declining since its peak of 56.7 percent in 1959. Much
of that decline can be attributed to declines in Federal funding
to industry for defense-related R&D activities.

R&D in Manufacturing Versus
Nonmanufacturing Industries

The tendency for R&D to be performed more by large firms
than small firms is greater in the manufacturing sector than
in the nonmanufacturing sector. However, within each of these
two sectors there is considerable variation in this regard, de-
pending on the type of industry. Among industrial categories,
those in which most of the R&D is conducted by large firms
include aircraft and missiles, electrical equipment, profes-
sional and scientific instruments, transportation equipment
(not including aircraft and missiles), and transportation and
utilities (which is in the nonmanufacturing sector). (See text
table 2-10.) In these sectors, however, much of the economic
activity overall is carried out by large firms; consequently,
the observation that most of the R&D in these sectors is con-
ducted by large firms is not surprising.

Probably the most striking change in industrial R&D perfor-
mance during the past two decades is the nonmanufacturing
sector’s increased prominence. Until the 1980s, little attention
was paid to R&D conducted by nonmanufacturing companies,
largely because service sector R&D activity was negligible com-
pared to the R&D operations of companies in manufacturing
industries.
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Text table 2-8.

Total (company, Federal, and other) funds for industrial R&D performance and number of R&D-performing
companies in manufacturing and nonmanufacturing industries, by size of company: 1997

Distribution by size of company
(Number of employees)

Funds for industrial R&D
(Dollars in millions)

Number of employees Total Manufacturing Nonmanufacturing
L0 ] = | PSP $157,539 $121,025 $36,514
Fewer than 500 .... 24,063 8,248 15,815
500 to 999 ........ 4,966 2,905 2,061
1,000 t0 4,999 ....ccoiiiiiiiiiiii 19,590 14,300 5,289
5,000 t0 9,999 ...ttt 14,266 11,670 2,596
10,000 to 24,999 .. 21,510 16,874 4,636
25,000 or more...... 73,144 67,028 6,116
Number of R&D-performing companies
TOTAI .o 35,112 18,130 16,982
Fewer than 500 .... 31,995 15,898 16,097
500 to 999 ........ 1,127 886 241
1,000 t0 4,999 ..ottt 1,302 938 364
5,000 10 9,999 ....iiiiiiiiiiiiiiii 322 197 125
10,000 to 24,999 .. 199 138 61
25,000 OF MOTE ..ceeeeiiiiiiiieeeeeeieiieieeee e e e ssineeeeeeseannens 167 73 94

SOURCE: National Science Foundation, Division of Science Resources Studies (NSF/SRS), Survey of Industrial Research and Development, 1997.

Prior to 1983, nonmanufacturing industries accounted for
less than 5 percent of the industry R&D total. By 1993, this
percentage had risen to an all-time high of 26 percent. It has
fallen only slightly since then and has remained above 22
percent.?? (See text table 2-9 and figure 2-13.)

In 1997, nonmanufacturing firms’ R&D performance totaled
$36.5 billion—$32.4 billion in funds provided by companies and
other non-Federal sources and $4.1 billion in Federal support.
(See appendix tables 2-53 and 2-54.) The large upswing in the
percentage of nonmanufacturing R&D primarily reflects a sharp
rise in company-supported nonmanufacturing R&D from 1987
to 1991. (See figure 2-13.) Moreover, the recent drop in this per-
centage in 199597 is attributable not to any decrease in the level
of R&D from nonmanufacturing companies but to a sharp in-
crease in company-supported R&D by manufacturing firms.

Because of recent changes in classification, little histori-
cal information exists regarding the decomposition of R&D
for all nonmanufacturing firms into nonmanufacturing indus-
trial categories. In 1997, however, the largest component of
R&D for nonmanufacturing companies was R&D performed
by computer and data processing services, which accounted
for 8.5 percent of all industrial R&D performance. (See text
table 2-9.) Wholesale and retail trade account for another 6.0
percent, and engineering and management services account
for 4.4 percent. The “research, development, and testing”

20As a result of a new sample design, industry R&D statistics since 1991
better reflect R&D performance among firms in the nonmanufacturing in-
dustries and small firms in all industries than they had previously. As a
result of the new sample design, statistics for 1991 and later years are not
directly comparable with statistics for 1990 and earlier years.
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Text table 2-9.
Percentage share of total company and other
non-Federal funds, by selected R&D-performing

industries
1987 1997
All manufacturing industries ...................... 91.6 75.7
Industrial and other chemicals
(except drugs and medicines)................. 8.7 5.3
Drugs and mediCiNes ..........cccceeeiveeeriieenne 6.7 8.7
Petroleum refining and extraction .............. 3.1 1.2
Machinery ........ccccuveeiiii e 17.2 13.8
Electrical equipment ...........cccocoeeeiiieeeninnen. 17.0 17.0
Motor vehicles and motor
vehicles equipment .........ccccccceeeviveeecinen. 11.7 10.3
Aircraft and missiles .........cccocoeeeiiieeiiieenne 9.7 4.2
Professional and scientific instruments ..... 8.1 6.7
All nonmanufacturing industries ............... 8.4 24.3
Communications ServiCes ...........ccccceeevuenen. 1.7 14
Computer and data processing services ... NA 8.5
Research, development, and testing ......... 0.9 3.6
Wholesale and retail trade..............cccccueee. NA 6.0
Engineering and management services ..... NA 4.4
Health services .........ccccoovevieenicnnen. NA 0.5
Finance, insurance, and real estate NA 11

NA = not available

SOURCE: National Science Foundation, Division of Science
Resources Studies, Survey of Industrial Research and Development,
1997.
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Figure 2-13.
Industrial R&D performance, by manufacturing
and nonmanufacturing industries
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See appendix table 2-52.
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sector accounted for 3.6 percent of total industrial R&D; com-
munications services for 1.4 percent; and finance, insurance,
and real estate services for 1.1 percent.

Although a great deal of R&D in the United States is
related in some way to health services, companies that
are specifically categorized in the health services sector
accounted for only 0.5 percent of all industrial R&D and
only 2 percent of all R&D by nonmanufacturing compa-
nies. These figures illustrate that R&D data disaggregated
according to standard industrial categories (including the
distinction between manufacturing and nonmanufacturing
industries) may not always reflect the relative proportions

of R&D devoted to particular types of scientific or engi-
neering objectives or to particular fields of science or
engineering.?! (The analysis in “R&D in Chemistry, Life
Sciences, and Information Technology” compensates to
some extent for this limitation in the data by providing
R&D expenditure levels associated with these fields.)
On average, industrial manufacturing R&D performers are
quite different from industrial nonmanufacturing R&D per-
formers. Nonmanufacturing R&D is characterized as having
many more small R&D firms than manufacturing R&D per-
formers. (See text table 2-10.) Approximately 35,000 firms
in the United States perform R&D, of which 18,000 are manu-
facturers and 17,000 are in the nonmanufacturing sector—
nearly a 50-50 split. Yet manufacturers account for 77 percent
of total industry performance (including Federally funded in-
dustry performance). The main reason for this continued domi-
nance of the manufacturing sector is simply that among
manufacturing firms, the largest (in terms of number of em-
ployees) tend to perform a relatively large amount of R&D.
Among small R&D-performing firms (fewer than 500 em-
ployees) in manufacturing and nonmanufacturing sectors,
those in the nonmanufacturing sector tend to conduct twice
as much R&D per firm as those in the manufacturing sector.
Among large R&D-performing firms (more than 25,000
employees) in both sectors, however, those in the manufac-
turing sector tend to conduct more than 10 times as much
R&D per firm as those in the nonmanufacturing sector.

Top 20 U.S. Corporations in R&D Spending

Ofthe top 20 U.S. corporations in R&D expenditures in 1997
(see text table 2-11), only one—Microsoft Corporation, which
had 22 thousand employees—had fewer than 25 thousand em-
ployees. The corporation that performed the most R&D in 1997
was General Motors ($8.2 billion); another company in the motor
vehicle sector, Ford Motor Company, performed $6.3 billion in
R&D. The next three corporations were IBM, Lucent Technolo-
gies, and Hewlett-Packard ($4.3, $3.1, and $3.1 billion in R&D,
respectively). All of the top 20 corporations were associated
with motor vehicle manufacturing, computers, communication
equipment, or pharmaceuticals—with the exception of Procter
and Gamble, which fell into the category of “other chemicals
(soaps, ink, paints, fertilizers, explosives...)."?

21For a more detailed discussion of limitations in the interpretation of R&D
levels by industrial categorization, see Payson (1997).

2These data on R&D for individual corporations were obtained from a
source that is different from the NSF Survey of Industrial Research and De-
velopment—namely, from the U.S. Corporate R&D database, as provided
by Shepherd and Payson (NSF 1999¢). Consequently, the definition of R&D
in this case is not equivalent to that in the Industry R&D Survey. In particu-
lar, the U.S. Corporate R&D database derives from R&D reported in the
Standard and Poor’s Compustat database. As such, these R&D figures in-
clude R&D conducted by these companies outside the U.S., whereas the
Industry R&D Survey includes only R&D performed within the U.S. Be-
cause of this difference in the data and other differences as outlined in
NSF1999e, R&D data appearing in text table 2-11 and appendix table 2-58
should not be used in conjunction with R&D data originating from NSF’s
Industry R&D Survey.
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Text table 2-10.
Industry R&D performed by different size firms, for selected sectors: 1997
(Dollars in millions)

Sectors with more
than 50 percent
R&D performed

Byfaigeitms Size of company in terms of the number of employees

(with over 25

thousand Fewerthan 500to 1,000to 5,000to 10,000to 25,000
Industry employees) Total 500 999 4,999 9,999 24,999 or more
All INAUSTIIES ..o 157,539 24,063 4,966 19,590 14,266 21,510 73,144
ManufacCturing .........ccccoeveeeeniiiiiniiec e 121,025 8,248 2,905 14,300 11,670 16,874 67,028
Aircraft and missiles..... X 16,296 (D) (D) 173 599 (D) 15,331
Drugs and mediCines ..........ccccccveeeeivveeenns 11,589 234 54 2,047 2,207 3,737 3,311
Electrical equipment .........ccccoevvvveeiieeenns X 24,585 1,789 854 3,628 3,114 1,953 13,248
Fabricated metal products..............cc.c...... 1,798 451 (D) 205 189 455 (D)
Food, kindred, and tobacco products ..... 1,787 101 65 265 391 262 703
Lumber, wood products, and furniture .... 348 74 22 7 96 79 0
Office, computing, and accounting machines 12,840 830 (D) 1,375 904 2,952 (D)
Primary metals ..........cccceeviieiiiiiee 988 47 22 146 233 (D) (D)
Professional and scientific instruments ... X 13,458 1,109 686 2,300 989 652 7,722
Stone, clay, and glass products............... 608 16 31 72 103 386 0

Transportation equipment
(except aircraft and missiles) .............. X 15,697 (D) (D) 115 247 (D) 14,537
Nonmanufacturing 36,514 15,815 2,061 5,289 2,596 4,636 6,116
SEIVICES ..uvvviiiiieeeeiieeeetee e ee e see e ennieeeen 22,400 11,074 (D) 3,252 1,344 3,205 (D)
Transportation and utilities ....................... X 3,013 56 22 138 70 128 2,598

D = data have been withheld to avoid disclosing operations of individual companies.
SOURCE: National Science Foundation, Division of Science Resources Studies (NSF/SRS), Survey of Industrial Research and Development, 1997.
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Text table 2-11.
The 20 leading industrial R&D companies, ranked by size of R&D expenditures in 1997

Percent change

R&D in R&D
expenditures Sales Number of  from the
Rank Company (millions)  (millions) employees previous year Industrial category
1 General Motors Corp .............. 8,200.0 168,190 608,000 —7.87  Motor vehicles & motor vehicle equipment
2 Ford Motor CO ......cccveeeueeenene. 6,327.0 153,627 363,892 —7.24  Motor vehicles & motor vehicle equipment
3 Intl Business Machines Corp... 4,307.0 78,508 269,465 9.48  Electronic computers and computer terminals
4 Lucent Technologies Inc........... 3,100.6 26,360 134,000 68.69 Modems & other wired telephone equipment
5 Hewlett-packard Co ................ 3,078.0 42,895 121,900 13.25  Electronic computers and computer terminals
6 Motorola Inc .. 2,748.0 29,794 150,000 14.79  Radio, TV, cell phone, and satellite communication eq.
7 Intel COrp .veeeiiieiieeieeeee 2,347.0 25,070 63,700 29.81  Electronic components (semiconductors, cails...)
8 Johnson & Johnson ................ 2,140.0 22,629 90,500 12.34  Drugs: pharmaceutical preparations
9 Pfizer Inc .. 1,928.0 12,504 49,200 14.49  Drugs: pharmaceutical preparations
10 Microsoft Corp .......ccceevveenuenne 1,925.0 11,358 22,232 34.43 Prepackaged software
11 B0eiNg CO ....oeevveeiieeiiieiieene 1,924.0 45,800 238,000 60.33  Aircraft, guided missiles & space vehicles
12 Chrysler Corp .. . 1,700.0 58,622 121,000 6.25  Motor vehicles & motor vehicle equipment
13 Merck & Co 1,683.7 23,637 53,800 13.21  Drugs: pharmaceutical preparations
14 American Home Products Corp . 1,558.0 14,196 60,523 9.02  Drugs: pharmaceutical preparations
15 General Electric Co ................. 1,480.0 88,540 276,000 4.15  Electrical equipment (industrial & household)
16 Bristol Myers Squibb ............... 1,385.0 16,701 53,600 8.54  Drugs: pharmaceutical preparations
17 Lilly (Eli) & CO ..ocvvveeeeeireiians 1,382.0 8,518 31,100 16.18 Drugs: pharmaceutical preparations
18 Abbott Laboratories ... .. 1,302.4 11,883 54,487 8.10 Drugs: pharmaceutical preparations
19 Procter & Gamble Co .............. 1,282.0 35,764 106,000 5.00 Other chemicals (soaps, ink, paints, fertilizers, explosives)
20 Pharmacia & Upjohn Inc........... 1,217.0 6,710 30,000 -3.87  Drugs: pharmaceutical preparations

SOURCE: National Science Foundation, Division of Science Resources Studies (NSF/SRS), U.S. Corporate R&D. Volume Il. Company Information on Top
500 Firms in R&D by C. Shepherd and S. Payson. NSF 00-302. Arlington, VA: NSF.
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R&D Intensity

In addition to absolute levels of, and changes in, R&D
expenditures, another key indicator of the health of in-
dustrial science and technology is R&D intensity. R&D is
similar to sales, marketing, and general management ex-
penses in that it is a discretionary (i.e., non-direct-rev-
enue-producing) item that can be trimmed when profits
are falling. There seems to be considerable evidence, how-
ever, that R&D enjoys a high degree of immunity from
belt-tightening endeavors—even when the economy is fal-
tering—because of its crucial role in laying the founda-
tion for future growth and prosperity. Nevertheless,
whether industry devotes the right amount of economic
resources to R&D has remained an open question. (See
sidebar, “Does Industry Under-Invest in R&D?”)

There are several ways to measure R&D intensity; the one
used most frequently is the ratio of R&D funds to net sales.®
This statistic provides a way to gauge the relative importance
of R&D across industries and firms in the same industry.

The industrial sectors with the highest R&D intensities
have been

4 research, development, and testing services;
4 computer and data processing services;
4 drugs and medicines;

4 office, computing, and accounting machines;

2Another measure of R&D intensity is the ratio of R&D to “value added”
(which is sales minus the cost of materials). Value added is often used in
studies of productivity analysis because it allows analysts to focus on the
economic output attributable to the specific industrial sector in question, by
subtracting materials produced in other sectors. For a discussion of the con-
nection between R&D intensity and technological progress, see, for example,
Nelson (1988) and Payson (in press).

Does Industry Under-Invest in R&D?

In a report published by the National Institute of Stan-
dards and Technology, Tassey (1999) suggests that private
industry may be under-investing in R&D for the follow-
ing reasons:

4 Technology is risky, not only in terms of achieving a
technological advance but in terms of acquiring the abil-
ity to market it first. For example, if one firm initiates
the research and makes the important discoveries but
another firm is able to market the new technology first,
the firm that made the discovery would not recover its
R&D costs. Consequently, although the economic re-
turns to the second firm in this case would be very
high—as would be the economic returns to society—
the firm that initiates the effort may have good reason
to be skeptical about its expected gains and may there-
fore be reluctant to initiate the work in the first place.

4 Spillovers from the technology to other industries and
to consumers, such as lower prices (“price spillovers™)
and increased general knowledge (“knowledge
spillovers™), may bring many benefits to the economy
as a whole, independent of the returns to the firm that
performs the R&D. As Tassey notes, “To the extent that
rates of return fall below the private hurdle rate, invest-
ment by potential innovators will not occur.”

4 Inefficiencies result from market structures, in which
firms may face high costs of achieving comparability
when they are competing against each other in the de-
velopment of technological infrastructure. For example,
software developers are constrained not only by the im-
mediate development task at hand but in having to en-

sure that the new software they develop is compatible
with software and operating systems that other firms
may be developing simultaneously. Here, greater ef-
forts undertaken by industry or government to encour-
age standardization of emerging technologies would
likely lead to higher returns on R&D.

4 Corporate strategies, according to Tassey, “often are
narrower in scope than a new technology’s market po-
tential.” In other words, companies in one line of busi-
ness may not realize that the technological advances
they make may have beneficial uses in other lines of
business.* Thus, broader-based strategies that extend
beyond a firm’s immediate line of products would yield
greater returns on R&D.

4 Technological infrastructure, such as the Internet, of-
ten yields high returns to individual companies and to
the overall economy but often requires substantial lev-
els of investment before any benefits can be realized.
This argument is similar to the public-goods argument
that, for some large-scale R&D projects, funds from
government or an organized collaboration of industry
participants may be necessary for the project to achieve
the “critical mass” it needs to be successful. Once a
project is successful, however, high returns on R&D
might be realized.

Solutions to these problems would not be simple, but
NIST is addressing them. Among NIST’s general goal in
this regard is to encourage a “more analytically based and
data-driven R&D policy” (Tassey 1999, 2).

* Levitt (1960) has referred to this kind of problem as “marketing myopia.”
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4 optical, surgical, photographic, and other instruments;
4 electronic components;
4 communication equipment; and

4 scientific and mechanical measuring instruments. (See text
table 2-12 and appendix table 2-50.)

Among these sectors, the highest R&D intensity (38.5
percent in 1997) is observed in research, development and
testing services (which is not surprising because, in this spe-
cial case, R&D is the actual product sold rather than a means
toward acquiring a better product or production process).
Computer data and processing services are second, at 13.3

Text table 2-12.

Company and other (except Federal) industrial
R&D funds as a percentage of net sales in R&D-
performing companies for selected industries:
1987 and 1997

Industry and size of company 1987 1997

Manufacturing

Drugs and mediCiNes ..........ccccueeeiueeeiiieeenenen. 8.7 105
Office, computing, and accounting machines. 12.3 9.2
Optical, surgical, photographic, and

other INStruments. ........ccccoeceeeiiieeiiieeee. 7.2 8.9
Electronic COmponents ........cccccuvveevveeeeiieenannns 8.5 8.1
Communication equipment ...........cccceeveeeeenns 5.5 8.0
Scientific and mechanical

measuring iNStruments ..........cccceeevveeeeneennn 8.1 6.5
Aircraft and missiles ..........cooceeiiiiieiiiiee e, 3.6 3.9
Motor vehicles and motor

vehicles equipmeNt .........ccooceiiiiiieiiiieees 3.4 3.8
Industrial chemicals ..........ccccovveiiieniiiiiennns 4.4 35
Other machinery, except electrical ................. 3.0 3.0
Other electrical equipment...........cccccceeiiieenne 2.6 2.7
Radio and TV receiving equipment. ................ 3.2 2.6
Other transportation equipment . 25 2.2
Other chemicals ..........ccccoeviiiiiiiiieiiciee &3 2.1
Stone, clay, and glass products...................... 2.5 1.8
Fabricated metal products ............ccceeiiieeennns 1.2 15
Rubber products.................... . 16 1.4
Paper and allied products...................... .. 06 11
Lumber, wood products, and furniture .. .. 06 0.9
Textiles and apparel. ......cccocoeeeiiiiiiiiieeiieenn. 0.4 0.9
Nonferrous metals and products ................... 1.3 0.6
Petroleum refining and extraction ................... 1.0 0.6
Ferrous metals and products.................. .. 06 0.6
Food, kindred, and tobacco products ............ 0.6 0.5

Nonmanufacturing
Research, development, and testing services 5.5 38.5

Computer and data processing services ........ NA 133
Engineering, architectural, and surveying. ...... NA 2.6
Trade. v NA 24
Finance, insurance, and real estate. ............... NA 0.7

Telephone communications ...........ccccveevveenne NA 0.7
Electric, gas, and sanitary services ................ NA 0.1

NA = not available

SOURCE: National Science Foundation, Division of Science
Resources Studies (NSF/SRS), Survey of Industrial Research and
Development, 1997

Science & Engineering Indicators — 2000

percent, followed by drugs and medicines at 10.5 percent.?
The “office, computing, and accounting machines” sector had
an R&D intensity as high as 12.3 percent in 1987, but its
R&D intensity fell to 9.2 percent by 1997.

Sectors that were lowest in R&D intensity in 1997 included
4 nonferrous metals and products;
4 petroleum refining and extraction;
4 ferrous metals and products;
4 food, kindred, and tobacco products; and
4 electric, gas, and sanitary services.

These sectors, in large part, reflect the “smokestack in-
dustries” that played a dominant role in the U.S. economy in
the mid-1900s in terms of new directions of technological
change.

Performance by Geographic Location,
Character of Work, and Field of Science

R&D by Geographic Location

The latest data available on the state distribution of R&D
performance are for 1997.2° These data cover R&D perfor-
mance by industry, academia, and Federal agencies, as well
as Federally funded R&D activities of nonprofit institutions.
The state data on R&D cover 52 records: the 50 states, the
District of Columbia, and “other/unknown” (which accounts
primarily for R&D for which the particular state was not
known). Approximately two-thirds of the R&D that could not
be associated with a particular state is R&D performed by
the nonprofit sector. Consequently, the distribution of R&D
by state indicates primarily where R&D is undertaken in Fed-
eral, industrial, and university facilities.

In 1997, total R&D expenditures in the United States were
$211.3 billion, of which $199.1 billion could be attributed to
expenditures within individual states; the remainder was
“other/unknown.” (See appendix table 2-20.) The statistics
and discussion below refer to state R&D levels in relation to
the distributed total of $199.1 billion.

R&D is concentrated in a small number of states. In 1997,
California had the highest level of R&D expenditures per-
formed within its borders ($41.7 billion, representing approxi-
mately one-fifth of U.S. total). The six states with the highest
levels of R&D expenditures—California, Michigan, New
York, New Jersey, Massachusetts, and Texas (in descending
order)—accounted for approximately half of the entire na-

2R&D outlays in the semiconductor equipment and materials industry
are estimated to be about 12-15 percent of sales (Council on Competitive-
ness 1996). The broad industry classification system used in NSF’s indus-
trial R&D survey can mask pockets of high-tech activity.

2 Although annual data are available on the location of R&D performance
by the academic and Federal sectors, until recently, NSF has conducted sur-
veys on the state distribution of industrial R&D performance only in odd-
numbered years. At this writing, the 1998 industry R&D survey data have
not been processed, making 1997 the most recent year for which the state-
specific R&D totals can be reported.
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tional effort. The top 10 states—the six states listed above
plus (in descending order) Pennsylvania, Illinois, Washing-
ton, and Maryland—accounted for approximately two-thirds
of the national effort. (See appendix table 2-20.) California’s
R&D performance exceeded by a factor of three the next-
highest state, Michigan ($14.0 billion). After Michigan, R&D
levels decline relatively smoothly to approximately $7.4 bil-
lion for Maryland. The 20 highest-ranking states in R&D
expenditures accounted for about 86 percent of the U.S. total;
the lowest 20 states accounted for 4 percent.

States vary widely in the size of their economies owing to
differences in population, land area, infrastructure, natural
resources, and history. Consequently, variation in the R&D
expenditure levels of states may simply reflect differences in
economic size or the nature of their R&D efforts. A simple
way of controlling for this “size effect” is to measure each
state’s R&D level as a proportion of its gross state product
(GSP). (See appendix table 2-52.) As with the ratio of indus-
trial R&D to sales, the proportion of a state’s GSP devoted to
R&D is referred to as R&D “intensity.” Overall, the Nation’s
total R&D to GDP ratio in 1997 was 2.6 percentin 1997. The
top 10 states with regard to R&D intensity were (in descend-
ing order) New Mexico (6.7 percent), the District of Colum-
bia (5.3 percent), Michigan (5.1 percent), Massachusetts (5.0
percent), Maryland (4.8 percent), Washington (4.4 percent),
Idaho (4.4 percent), New Jersey (4.1 percent), California (4.0
percent), and Rhode Island (3.7 percent). New Mexico’s high
R&D intensity is largely attributable to Federal support (pro-
vided by the Department of Energy) for the Sandia National
Laboratories and Los Alamos National Laboratory FFRDCs
in the state.?®

States have always varied in terms of the levels and types
of industrial operations they contain. Thus, they vary as well
in the levels of R&D they contain by industrial sector. One
measure of such variation among states is the extent to which
their industrial R&D is in the nonmanufacturing sector as
opposed to the manufacturing sector. Among the top 10 states
in 1997 in industrial R&D performance, California, New Jer-
sey, New York, Massachusetts, and Washington all had rela-
tively high levels of R&D in the nonmanufacturing sector
(25 percent or more of the total). (See figure 2-14.) Michi-
gan, Texas, Pennsylvania, Illinois, and Ohio had lower levels
of R&D in nonmanufacturing, as a percentage of the total.

Trends in National R&D by Character of Work

The traditional way to analyze trends in R&D performance
is to examine the amount of funds devoted to basic research,
applied research, and development. (See sidebar, “Definitions.”)
These terms are convenient because they correspond to popu-
lar models that depict innovation occurring in a linear progres-
sion through three stages: (1) scientific breakthroughs from
the performance of basic research lead to (2) applied research,

ZFor additional information about the geographic distribution of R&D
within the United States, see NSF, “Science and Engineering State Profiles:
1999,” by R. Bennof and S. Payson, forthcoming.

Figure 2-14.

Industrial R&D performance in the top 10 states in
industrial R&D in 1997: R&D in manufacturing and
nonmanufacturing
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NOTE: These levels include R&D performed by industry-administered
FFRDCs.

SOURCE: National Science Foundation, Division of Science
Resources Studies (NSF/SRS), Survey of Industrial Research and
Development, 1997
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which leads to (3) development or application of applied re-
search to commercial products, processes, and services.

The simplicity of this approach makes it appealing to
policymakers, even though the traditional categories of basic
research, applied research, and development do not always
ideally describe the complexity of the relationship between
science, technology, and innovation in the real world.?” Addi-
tionally, many analysts argue that the distinctions between
basic research and applied research are becoming increas-
ingly blurred. Nonetheless, these general categories are gen-
erally useful to characterize the relative expected time horizons
and types of investments.

The United States spent $37.9 billion on the performance
of basic research in 1998, $51.2 billion on applied research,
and $138.1 billion on development. (See figure 2-15.) These

21See NSB (1996), chapter 4, “Alternative Models of R&D and Innova-
tion.” According to the Council on Competitiveness (1996), “The old dis-
tinction between basic and applied research has proven politically
unproductive and no longer reflects the realities of the innovation
process... The United States [should adopt] a new and more up-to-date vo-
cabulary, one that accounts for changing calculations of R&D risk and rel-
evance over short-, medium- and long-term horizons.” In its report, the
Council identified three types of research (short-term/low-risk, mid-term/
mid-risk, and long-term/high-risk) and the economic sectors that have pri-
mary and secondary responsibility for each. In contrast, another study found
that R&D managers/directors and financial officials/accountants in manu-
facturing and nonmanufacturing firms generally agree that NSF’s classifica-
tion of R&D expenditures into basic research, applied research, and
development appropriately describes the scope of their companies’ self-fi-
nanced R&D activities (Link 1996).
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Definitions

NSF uses the following definitions in its resource
surveys. They have been in place for several decades
and are generally consistent with international defini-
tions.

4 Basic research. The objective of basic research is
to gain more comprehensive knowledge or under-
standing of the subject under study, without specific
applications in mind. In industry, basic research is
defined as research that advances scientific knowl-
edge but does not have specific immediate commer-
cial objectives, although it may be in fields of present
or potential commercial interest.

¢ Applied research. Applied research is aimed at gain-
ing the knowledge or understanding to meet a spe-
cific, recognized need. In industry, applied research
includes investigations oriented to discovering new
scientific knowledge that has specific commercial
objectives with respect to products, processes, or
services.

4 Development. Development is the systematic use
of the knowledge or understanding gained from re-
search directed toward the production of useful ma-
terials, devices, systems, or methods, including the
design and development of prototypes and processes.

4 Budget authority. Budget authority is the authority
provided by Federal law to incur financial obliga-
tions that will result in outlays.

4 Obligations. Federal obligations represent the
amounts for orders placed, contracts awarded, ser-
vices received, and similar transactions during a
given period, regardless of when funds were appro-
priated or payment required.

4 Outlays. Federal outlays represent the amounts for
checks issued and cash payments made during a
given period, regardless of when funds were appro-
priated or obligated.

4 R&D plant. Federal obligations for R&D plant in-
clude the acquisition of, construction of, major re-
pairs to, or alterations in structures, works, equip-
ment, facilities, or land for use in R&D activities at
Federal or non-Federal installations.

totals reflect continuous increases over several years. In par-
ticular, since 1980 there has been a 4.7 percent annual in-
crease, in real terms, in basic research; a 3.9 percent increase
in applied research; and a 3.4 percent increase in develop-
ment. As a share of all 1998 R&D performance expenditures,
basic research represented 16.7 percent, applied research 22.5
percent, and development 60.8 percent. These shares have

Figure 2-15.
National R&D funding, by character of work
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not changed very much over time. For example, in 1980 ba-
sic research accounted for 13.9 percent, applied research 21.7
percent, and development 64.3 percent.

Basic Research

In 1998, basic research expenditures reached $37.9 bil-
lion. (See text table 2-1.) The annual growth rate of basic
research performance has changed over time, but not as dra-
matically as total R&D. This annual rate, adjusted for infla-
tion, had an average as high as 5.2 percent between 1980 and
1985; the growth rate slowed to 4.4 percent between 1985
and 1994 and increased to 5.0 between 1994 and 1998.

In terms of support, the Federal Government has always
provided the majority of funds used for basic research. (See
figure 2-16 and appendix table 2-9.) The Federal share of
funding for basic research as a percentage of all funding, how-
ever, has dropped—from 70.5 percent in 1980 to a 53.4 per-
cent ($20.2 billion) in 1998. (See figure 2-17.) This decline
in the Federal share of basic research support does not reflect
adecline in the actual amount of Federal support, which grew
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Figure 2-16.

National R&D expenditures, by source of funds, performing sector, and character of work: 1998
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[] Federal Government

3.1 percent per year in real terms between 1980 and 1998.
Rather, it reflects a growing tendency for the funding of basic
research to come from other sectors. Specifically, from 1980
to 1998, non-Federal support for basic research grew at the
rate of 7.4 percent per year in real terms.

With regard to the performance of basic research in 1998,
universities and colleges (excluding FFRDCs) accounted for
the largest share—47.8 percent ($18.1 billion). Their perfor-
mance of basic research has increased, on average, 4.6 per-
cent annually in real terms since 1980. When the performance
of university-administered FFRDCs is included, the academic
sector’s share climbs to 55.0 percent. In 1998, the Federal
Government provided 62.1 percent of the basic research funds
used by the academic sector. Non-Federal sources—includ-
ing industry, state and local governments, universities and col-
leges themselves, and nonprofit organizations—provided the
remaining 37.9 percent.

Applied Research

Applied research expenditures were $51.2 billion in 1998.
Applied research is performed much more by nonacademic
institutions. These expenditures have been subject to greater
shifts over time, as a result of fluctuations in industrial growth
and Federal policy. Applied research experienced an average
annual real growth of 7.2 percent between 1980 and 1985,
followed by very low growth of 0.8 percent between 1985
and 1994; the rate of growth rose again to 6.8 percent be-
tween 1994 and 1998. Increases in industrial support for ap-
plied research explains this recent upturn. Industrial support
accounted for 65.6 percent ($33.6 billion) of the 1998 total
for applied research; Federal support accounted for 28.0 per-
cent ($14.3 billion).

During the 1980s, Federal support for applied research was
intentionally deemphasized in favor of basic research. Even

[ universities & colleges
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Figure 2-17.
Federal share of total U.S. funding of basic
research, applied research, and development
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with the current administration’s greater willingness to sup-
port generic/precompetitive applied research, Federal fund-
ing in 1998 for applied research was only 70.8 percent of that
for basic research ($14.3 billion versus $20.2 billion, respec-
tively), as reported by research performers.

With regard to performance, 69.9 percent (accounting for
$35.8 billion) of the Nation’s applied research was performed
by industry and industry-administered FFRDCs in 1998. Fed-
eral sources funded 28.0 percent ($14.3 billion) of the Nation’s
applied research.

In the same year, most of the Nation’s nonindustrial ap-
plied research was performed by universities and colleges and
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their administered FFRDCs ($7.9 billion) and the Federal
Government ($5.4 billion). With regard to Federal intramural
applied research, in FY 1998 23.6 percent was performed by
DOD, another 23.4 percent by HHS, and 11.5 percent by
NASA .2 Total Federal applied research performance has been
remarkably level for more than 30 years, experiencing only a
0.6 percent average annual growth, in real terms, since 1966.

Development

Expenditures on development in 1998 totaled $138.1 bil-
lion. Most R&D expenditures are on development. Therefore,
historical patterns of development expenditures mirror his-
torical patterns of total R&D expenditures. From 1980 to 1985,
development grew on average by 7.0 percent per year in real
terms as increasingly larger shares of the national R&D ef-
fort were directed toward R&D supported by DOD (which
tends to be approximately 90 percent development). (See fig-
ure 2-18.) Between 1985 and 1994, on the other hand, devel-
opment in real terms grew at an average annual rate of only
0.4 percent—from $74.5 billion in 1985 to $103.1 billion in
1994. Between 1994 and 1998, annual growth was back up to
5.7 percent in real terms, to $138.1 billion in 1998—of which
75.8 percent was supported by industry and 23.4 percent by
the Federal Government.

In terms of performance, industry (including industrial
FFRDCs) accounted for 89.9 percent ($124.1 billion) of the
nation’s 1998 development activities. The Federal Govern-
ment accounted for 6.4 percent ($8.8 billion), and all other
performers account for 3.7 percent ($5.2 billion).

2These percentages are derived from preliminary Federal obligations as
reported in NSF (1999a).

Federal Obligations for Research, by Field

Federal Obligations for Basic Research

Among fields receiving Federal research support, life sci-
ences garner the largest share of basic and applied research
obligations. (See appendix table 2-47.) In FY 1999, an esti-
mated $8.3 billion was obligated for basic research in the life
sciences (which includes the biological, medical, and agri-
cultural subfields)—nearly half the basic research total of
$16.9 billion. This level of funding has grown steadily since
the mid-1980s, although growth in real terms was stagnant
from 1993 to 1995 (consistent with the growth pattern for all
of HHS, the major funding agency for life sciences). By pre-
liminary estimates, Federal support for basic research in the
life sciences has grown rapidly between FY 1997 and FY
1999(averaging 6.2 percent per year in real terms. (See fig-
ure 2-20 and appendix table 2-47.)

DOE is the largest provider of funding for basic research
in the physical sciences. According to preliminary estimates,
DOE provided $1,358 million of a total of $3,305 million in
FY 1999; NASA provided $972 million, and NSF provided
$551 million (devoted to a wide variety of fields). Federal
support for basic research in the physical sciences grew in
real terms from 1985 to 1991, then declined from 1991 to
1996, and has since been rising again. (See figure 2-20.)

Federal Obligations for Applied Research

Life sciences received the largest Federal support for ap-
plied research: an estimated $6.1 billion in FY 1999 (38 per-
cent of the $16.1 billion total). Engineering received the next
largest share, with $4.3 billion in obligations (27 percent of

Figure 2-18.
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R&D Continues to Fare Well
Despite Fiscal Austerity

Reducing the deficit has been an overriding goal of
Congress and the Clinton Administration. To gain a bet-
ter understanding of the difficulty involved in accom-
plishing this objective, it is helpful to split total Federal
spending into two categories—*“mandatory” and “dis-
cretionary.” Certain program expenditures—including
those for Social Security, veterans’ benefits, Medicare,
Medicaid, and interest on the national debt—are con-
sidered mandatory items in the Federal budget. That is,
the government is already committed by law to finance
those programs at certain levels and cannot cut them
without a change in the law through an act of Congress.
In contrast, discretionary items, including R&D pro-
grams, do not enjoy the same level of protection from
budget-cutting proposals; the Federal Government does
not have to, or is not already committed by law to, fi-
nance such programs at particular levels.

In FY 2000, mandatory programs (including inter-
est on the national debt) are expected to account for 67
percent of total Federal outlays. (See appendix table
2-22.) Despite the vulnerability of R&D as a component
of discretionary spending, Federal support for R&D has
received bipartisan support and has fared well during the
fiscal austerity of the past two decades. (See figure
2-19.) For example, an examination of R&D as a percent-
age of the total Federal budget reveals the following:

4 Although all Federally funded R&D is expected to
fall from 5.2 percent of the budget in 1990 to 4.3
percent in 2000, nondefense R&D as a percentage
of the total budget is expected to rise slightly—from
1.9 percent in 1990 to 2.1 percent in 2000.

4 As a proportion of total discretionary outlays, R&D
increased from 11.5 percent in 1980 to 13.1 percent
in 1990 and is expected to be 13.0 percent in 2000.

4 Nondefense R&D as a percentage of nondefense dis-
cretionary spending has been holding fairly steady
since 1980, at just less than 13 percent.

the total). In real terms, Federal support for applied research
in the life sciences has grown substantially between 1985 and
1999 (from $3.3 billion to $5.3 billion in constant 1992 dol-
lars. Federal support for applied research in mathematics and
computer sciences has experienced particularly strong growth
over the same period, from $402 million to nearly $1.3 bil-
lion in 1992 dollars. In contrast, Federal support for applied
research in engineering, psychology, social sciences, and other
sciences has grown very little or decreased slightly in real

Figure 2-19.
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terms over the same period. Environmental sciences showed
moderate growth between 1985 and 1999, from $898 million
to nearly $1.4 billion in 1992 dollars. Federal support for ap-
plied research in the physical sciences, however, showed a
decline in real terms—from $1.6 billion to $1.1 billion in
1992 dollars. On the other hand, Federal support for the physi-
cal sciences had been rising since its low of $966 million (in

constant 1992 dollars) in 1966.
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Federal Obligations for Research
Figure 2-20. (Basic and Applied)
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Considering basic and applied research together, the growth
of Federal support for research the life sciences vis-a-vis research
in other fields is even more pronounced. (See figure 2-20.) In
terms of rates of growth, Federal support for research in math-
ematics and computer sciences has grown rapidly as well.?®

Cross-Sector Field-of-Science
Classification Analysis

A challenging, open-ended—yet promising—method of
classifying R&D expenditures, in various sectors in addition
to academia, is by field of science. Such classification, ap-
plied to historical data, indicates how R&D efforts in various
fields of science and engineering have grown in economic
importance over time. This information is potentially useful
for science policy analysis and for planning and priority-set-
ting. Moreover, scientists and engineers themselves can ben-
efit from information about how R&D expenditures in various
fields of science and engineering have evolved over time. For
example, such information might influence decisions by sci-
entists and engineers—and science and engineering stu-
dents—about taking on new research endeavors or exploring
new career opportunities.

Classification of academic R&D by field of science is pro-
vided in detail in chapter 6 of this report. The only additional
sector for which extensive data by field exist is the Federal
Government. Industrial R&D—which represents three-quar-
ters of all R&D performed in the United States—has not been
subdivided by field of study, for three reasons: (1) Unlike re-
search performed by universities and Federal agencies, much
of the research by private firms is confidential (for obvious
reasons), and the provision of such information might com-
promise that confidentiality; (2) most private companies do
not have the accounting infrastructure in place to compile such
statistics, so any efforts on their part to provide this additional
information could be significantly burdensome to them; and
(3) much of the R&D carried out by industry is interdiscipli-
nary, especially at the development stage (e.g., the develop-
ment of a new vehicle would involve mechanical engineering,
electrical engineering, and other fields)—which in many cases
might make the splitting of R&D by field somewhat arbitrary.
Therefore, the collection of such data is unlikely.

Nonetheless, some analysis along these lines, wherever
possible, could shed light on overall levels of R&D support
for general lines of inquiry. The analysis that follows circum-
vents this problem by grouping fields with standard indus-
trial categories, creating nine general categories of R&D that
can be associated with fields of science and engineering and
with related industrial categories.

23For much more detailed data on Federal support by field of science, see
Board on Science, Technology, and Economic Policy (1999).
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R&D in Chemistry, Life Sciences,
and Information Technology

In this section, R&D is categorized into three broad areas;
each area is associated with academic fields of study and with
industrial end-products that tend to be associated with those
fields. For easier data interpretation, all academic and Fed-
eral fiscal year data were converted to calendar year data so
they would be comparable to data pertaining to industry cat-
egories (which are collected and provided on a calendar year
basis). Furthermore, all dollar amounts in this section are in
real (constant 1992) terms, thereby allowing the analysis to
focus on effects that are independent of inflation.

Chemistry (Nonmedical)
and Chemical Engineering

Three categories of R&D were identified that could be
associated primarily with chemistry and chemical engineer-
ing. (See figure 2-21 and appendix table 2-49.) These catego-
ries exclude chemistry associated with medicine, which was
included instead under the broad category of life sciences.
The largest of these categories, by far, is company-funded
R&D in industrial chemicals and other chemicals (but not
drugs and medicines). In real terms, expenditures in this cat-
egory grew from $6.1 billion in 1985 to $7.7 billion in 1990
and then eventually declined, on average, to $6.3 billion in
1997—only slightly higher than the level 12 years earlier. The
next two categories were much smaller. Federal obligations
for research in chemistry and chemical engineering remained
at roughly $1 billion (in constant 1992 dollars) throughout
the 1985-96 period. The smallest category—academic R&D
(not Federally funded) in chemistry and chemical engineer-
ing—grew steadily in real terms, from $223 million in 1985
to $361 million in 1996.

Life Sciences

R&D in the broad area of the life sciences is characterized
by strong and fairly-continuous real growth in its three larg-
est categories. (See figure 2-22 and appendix table 2-50.) The
largest category, Federal obligations for research in the life
sciences, increased from $8 billion in 1985 to $11 billion in
1996. Company-funded R&D in drugs and medicines grew
dramatically in real terms, from $4 billion in 1985 to $10
billion in 1997. Likewise, academic R&D (not Federally
funded) in the life sciences and bioengineering/biomedical
engineering grew continuously, from $3 billion in 1985 to $5
billion in 1996. Real growth in R&D also occurred in devel-
opment expenditures by HHS and the Department of \eter-
ans Affairs. With regard to food and other agricultural products
that are also associated with life sciences, real growth oc-
curred in the relatively small levels of development expendi-
tures by USDA (from $41 million to $77 million between
1985 and 1996), but very little real change occurred in com-
pany-funded R&D in food, kindred, and tobacco products
(which grew from $1.4 billion to $1.6 billion between 1985
and 1997).

Figure 2-21.
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Figure 2-22.
R&D associated primarily with the life sciences
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Mathematics, Computer Science, and Communi-
cation and Electrical Equipment

Although seven categories of R&D fall under this broad
area, two clearly dominate the others in terms of the magni-
tude of their expenditure levels. (See figure 2-23 and appen-
dix table 2-51.) The largest area, by 1997, was company-
funded R&D in electrical equipment, which held steady at
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Figure 2-23.
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close to $10 billion (in constant 1992 dollars) throughout
1985-92, after which it doubled to more than $20 billion by
1997. The second-largest category in 1997—company-funded
R&D in office, computing and accounting machines—re-
mained at or above $10 billion between 1985 and 1992 as
well. It then fell sharply in 1993 to below $5 billion but re-
covered between 1995 and 1997; by 1997 it represented more
than $11 billion in R&D. The third-largest category, Federal
obligations for research in mathematics and computer sci-
ence, grew from $745 million in 1985 to nearly $1.5 billion
in 1996. Federal obligations for research in electrical engi-
neering (not Federally funded) declined from $813 million to
$601 million over the same period. Three small academic cat-
egories—R&D in mathematics, computer science, and elec-
trical engineering—each nearly doubled in real terms between
1985 and 1996.

Inter-Sector and Intra-Sector
Domestic Partnerships and Alliances

In the performance of R&D, organizations can collabo-
rate, either within the same sector (e.g., a partnership between
firms) or between sectors (e.g., a partnership between a firm
and the Federal Government). Decisions by organizations to
form these partnerships are based on economic considerations,
legal and cultural frameworks, scientific and technological
conditions, and policy environments.

Economic Considerations
Underlying R&D Partnerships

Collaboration allows individual partners to leverage their
resources, reducing costs and risks and enabling research ven-
tures that might not have been undertaken otherwise. In the
case of intra-sector collaboration, the underlying theme is that
more can be accomplished at lower cost when resources are
pooled, especially if organizations can complement each other
in terms of expertise and/or research facilities. For private
companies, another advantage of partnerships is that they re-
duce (or eliminate) competition between the allied compa-
nies, which may thereby enjoy higher profits once their jointly
developed product is marketed.

With regard to university-industry alliances, companies can
benefit from the extensive research infrastructure (including
the students), as well as the store of basic scientific knowl-
edge, that exists at universities—which those firms would
not be able afford on their own.® Universities, on the other
hand, benefit from alliances with firms by being better able
to channel academic research toward practical applications”
(Jankowski 1999).

In the case of collaboration between Federal laboratories
and industry—in the form of Cooperative Research and De-
velopment Agreements (CRADASs)—a wide range of eco-
nomic benefits to both parties have been noted. The main
reason for the creation of CRADASs was that industry would
benefit from increased access to government scientists, re-
search facilities, and the technology they developed. Govern-
ment, in turn, would benefit from a reduction in the costs of
items it needs to carry out its objectives (Lesko and Irish 1995,
67). Both would benefit from technology transfer, and Fed-
eral R&D in national labs would be more useful to U.S. in-
dustry. Some analysts have argued as well that Congress
created CRADAS®! to simplify negotiations between the Fed-
eral Government and industry in the process of technology
transfer, by making the process exempt from Federal Acqui-
sition Regulation (FAR) requirements.

With regard to collaboration between academia and the
Federal Government, little exists in the strict sense of em-
ployees from both working together, side-by-side, on R&D
projects. On the other hand, collaboration in a broad sense is
quite extensive in that academia receives research grants to
perform “targeted research.”®? (See “Federal Support to
Academia.”) Some of this research is designed to meet Fed-

300n the topic of firms benefiting from the tacit knowledge of universi-
ties, Prabhu (1997)—citing earlier work by Tyler and Steensma (1995)—
suggests, “The greater the tacitness of technology (hard to document in
writing, residing in individuals, systems and processes of the firm, and diffi-
cult to transfer through market mechanisms), and the greater the complexity
of technology (variety and diversity of technologies that must be incorpo-
rated into the development process), the more likely it is that executives will
consider technological collaboration a mode of technology development.”

31See the next section on the legal reasons for partnerships and alliances.

32Targeted research as a policy goal is discussed in U.S. Congress, House
Committee on Science (1998).
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eral needs, in cases in which the Federal Government does
not have the physical or human resources to perform the re-
search itself. In other cases, the Federal Government may
support academic research (or research in other sectors) for
the sake of creating a “public good” that would be expected
to provide economic benefits to society. As many people know,
one of the public goods that arose from this kind of collabo-
rative effort is the Internet, which originated from a project
funded by the Defense Advanced Research Projects Agency
(DARPA) and then greatly advanced through NSF funding to
universities.

Finally, international competition adds two additional con-
siderations. First, Federal-industry partnerships and other
types of partnerships in the performance of R&D in the United
States may be desirable as a means of competing adequately
against similar partnerships carried out in other nations. Sec-
ond, the United States may choose to enter into international
projects with the idea that, just like firms, nations may be
able to pool resources that collectively enhance their R&D
capabilities.

Federal Technology Transfer Programs

The term “technology transfer” can cover a wide spec-
trum of activities, from informal exchanges of ideas between
visiting researchers to contractually structured research col-
laboration involving the joint use of facilities and equipment.
Only since the late 1980s, however, has technology transfer
become an important mission component of most Federal labs.
Some agencies, however, have long shared their research with
the private sector (e.g., USDA’s Agricultural Research Ex-
periment Stations and NASAs civilian aeronautics programs),
and several laws passed in the early 1980s encouraged such
sharing—notably, the Stevenson-Wydler Technology Innova-
tion Act of 1980. (See sidebar, “Principal Federal Legislation
Related to Cooperative Technology Programs.”)

The emphasis, in the past decade, on technology transfer
stems from practical considerations: Industry was interested
in such programs, Federal money was available, and govern-
ment defense labs were amenable to such activities as an al-
ternative to their declining defense work (OTA 1995).
Moreover, technology transfer was regarded as a means of
addressing Federal concerns about U.S. industrial strength and
world competitiveness. Another reason was that the Federal
Technology Transfer Act (FTTA) of 1986 authorized govern-
ment-owned and -operated laboratories to enter into CRADAS
with private industry. Only after the 1989 passage of the Na-
tional Competitiveness Technology Transfer Act (NCTTA),
however, could contractor-operated labs (including DOE’s
FFRDCs) also enter into CRADAS. According to most avail-
able indicators, Federal efforts to facilitate private-sector com-
mercialization of Federal technology have made considerable
progress since 1987.

Four measures of the extent of Federal technology com-
mercialization efforts and Federal-industry collaboration be-
tween 1987 and 1998 can be described as follows:

Principal Federal
Legislation Related to
Cooperative Technology Programs

Since 1980, a series of laws have been enacted to pro-
mote Federal—civilian partnerships and to facilitate the
transfer of technology between sectors. Among the most
notable pieces of legislation have been the following:

4 Stevenson-Wydler Technology Innovation Act (1980).
Required Federal laboratories to facilitate the transfer of
Federally owned and originated technology to state and
local governments and to the private sector.

4 Bayh-Dole University and Small Business Patent
Act (1980). Permitted government grantees and con-
tractors to retain title to Federally funded inventions
and encouraged universities to license inventions to
industry. The Act is designed to foster interactions
between academia and the business community.

4 Small Business Innovation Development Act
(1982). Established the Small Business Innovation Re-
search (SBIR) Program within the major Federal R&D
agencies to increase government funding of research
with commercialization potential within small, high-
technology companies.

4 National Cooperative Research Act (1984). Encour-
aged U.S. firms to collaborate on generic,
precompetitive research by establishing a rule of rea-
son for evaluating the antitrust implications of research
joint ventures. The Act was amended in 1993 by the
National Cooperative Research and Production Act,
which let companies collaborate on production as well
as research activities.

4 Federal Technology Transfer Act (1986). Amended
the Stevenson-Wydler Technology Innovation Act to
authorize CRADASs between Federal laboratories and
other entities, including state agencies.

4 Omnibus Trade and Competitiveness Act (1988).
Established the Competitiveness Policy Council to de-
velop recommendations for national strategies and
specific policies to enhance industrial competitive-
ness. The Act created the Advanced Technology Pro-
gram and the Manufacturing Technology Centers
within NIST to help U.S. companies become more
competitive.

4 National Competitiveness Technology Transfer Act
(1989). Amended the Stevenson-Wydler Act to allow
government-owned, contractor-operated laboratories
to enter into cooperative R&D agreements.

4 National Cooperative Research and Production Act
(1993). Relaxed restrictions on cooperative produc-
tion activities, enabling research joint venture (RJV)
participants to work together in the application of tech-
nologies they jointly acquire.
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4 CRADASs grew in number geometrically, from 34 in 1987
to 3,688 in 1996—an average growth rate of more than 68
percent per year. Between 1996 and 1997, however, not
only did the growth cease, the number of active CRADAs
declined to 3,239. This number decreased slightly in 1998,
to 3,201. (See figure 2-24.)

4 Invention disclosures arising out of CRADAS increased
rapidly at first, from 2,662 in 1987 to 4,213 in 1991(a 58
percent increase in only four years). Over the succeeding
seven years (to 1998), however, that level was not reached
again; the largest number was 4,153 in 1996. On the other
hand, there is no apparent trend in the annual numbers of
invention disclosures since 1991; those levels seem to be
random, averaging 3,815 and remaining above 3,500 each
year. (See figure 2-24.)

Figure 2-24.
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4 Patent applications have had a similar history. They rose
in number from 848 in 1987 to a high of precisely 1,900 in
1991 (a 124 percent increase). After 1991, patent applica-
tions averaged 1,765, with no apparent trend.

4 Licenses granted rose in number steadily between 1987
and 1998, from 128 to 510.

Differences in Motivations and Goals of
CRADA Participants

Studies have indicated that although partnerships between
sectors offer economic and scientific benefits to the parties
involved, those partnerships may be constrained by cultural
differences between sectors. Some observers have argued that
industrial scientists and engineers tend to place much greater
emphasis than their government colleagues on profitability,
international competitiveness, and turnaround time. Con-
versely, government scientists and engineers tend to have
longer-range and more idealistic perspectives. For example,
Lesko and Irish (1995) describe the Federal defense
employee’s “traditional view” as one in which “the primary
mission...is to develop, produce, enhance, and support the
military systems that provide a warfighting capability for the
U.S. that is second to none” (Lesko and Irish 1995, 33-34).

Rogers et al. (1998) surveyed participants in CRADA part-
nerships at Los Alamos National Laboratory. They found that,
according to private companies in these partnerships, the top
five objectives of CRADAs were (in descending order of
importance) to obtain new technology/information/patents,
to save money in developing a process/product, to save costs,
to improve research ability within the company, and to obtain
a new product. In contrast, the top five objectives according
to Federal R&D laboratory partners were to improve the re-
search ability of the Federal R&D laboratory, such as adding
capabilities; to obtain new funding; to obtain technology/in-
formation/patents; to gain credibility/prestige/employee sat-
isfaction; and to develop or gain access to new facilities/tools.
According to Rogers et al., such differences in orientation
have been a major obstacle to further increases in the number
of CRADAs. Rogers et al. conclude, “Since 1994, Federal
funding for establishing new CRADAs has almost disap-
peared, mainly due to partisan differences about the role of
the Federal Government in its relations with private compa-
nies” (Rogers et al. 1998, 87).

On the other hand, Lesko and Irish (1995) are more opti-
mistic about the future ability of scientists and engineers from
these different cultures to get along:

Significant differences in the perspectives of government and
industry can and do impede progress in cooperative ventures.
As both sides realize that they need each other’s perspectives
and combined resources to survive global competition and
effectively manage shrinking resources, their goals and pro-
cedures will change toward becoming more and more coop-
erative. Good communications can be a key to identifying,
understanding, and overcoming culturally derived barriers to
this process (Lesko and Irish 1995, 29).
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Scientific and Technological Conditions
Underlying R&D Partnerships

The complexity and interdisciplinary nature of R&D has
continued to increase in recent years, as discoveries in one
area of science or engineering (e.g., modular robotics sys-
tems) have had bearing on other areas (e.g., space explora-
tion). As the scope of R&D on any topic expands, researchers
from individual institutions may find themselves less able to
approach the topic as broadly as they think they should; they
may therefore search for collaborators who can complement
their knowledge or research facilities. For example, academic
researchers increasingly have sought to leverage resources
and talents in the conduct of R&D. Not only does such an
approach offer opportunities for alternative funding, such
partnership provides an essential means for undertaking work
that is becoming ever more complex and multidisciplinary
(Jankowski 1999).

At the same time that scientific and engineering develop-
ments are increasing the need for—and the benefits of —R&D
partnerships and alliances, advances in communication equip-
ment and software are creating new tools that make such col-
laborative efforts much easier. Hazlett and Carayannis (1998)
describe recent developments in “virtual teams”—especially
between industry and academia—whereby communication,
data acquisition, data sharing, and document sharing can all
take place virtually among individuals in distant organizations.
In effect, the operational costs of collaborating have been re-
duced enormously, thereby encouraging increased collabora-
tion among researchers of the same or similar topics.

Current research on expanding Internet capabilities offers
even more powerful tools for collaborative efforts. DOE and
NSF have been sponsoring research that has been moving
scientists and engineers closer to having the ability to col-
laborate in virtual laboratories or conference rooms through
“telepresence.” That is, researchers at remote physical loca-
tions interact with one another in a virtual, three-dimensional
environment, experiencing each other’s artificial presence as
though everyone were in the same room. Such capabilities
will undoubtedly enhance collaboration potential 23

Industrial R&D Consortia

In the early 1980s, increasing international competition
and the resulting erosion in U.S. technological leadership led
legislators and policymakers to conclude that existing U.S.
antitrust laws and penalties were too restrictive and could be
impeding the ability of U.S. companies to compete in the glo-
bal marketplace. U.S. companies were at a disadvantage rela-
tive to their foreign counterparts because an outdated antitrust
environment—designed to preserve domestic competition—
prohibited them from collaborating on most activities, includ-
ing R&D.

Restrictions on multi-firm cooperative research relation-
ships were lifted with the passage of NCRA in 1984. This

33See Smith and Van Rosendale (1998), Larson (1998), and chapter 9 of
this report.

law was enacted to encourage U.S. firms to collaborate on
generic, precompetitive research. To gain protection from
antitrust litigation, NCRA requires firms engaging in RJVs
to register them with DOJ.34 In 1993, Congress again relaxed
restrictions—this time on cooperative production activities—
by passing the National Cooperative Research and Produc-
tion Act, which enables participants to work together to apply
technologies developed by their RJVs.

The advantages of RJVs over individual firms conducting
R&D on their own have been identified as follows:3®

4 Through RJVs, companies have “the ability to pool re-
search resources in order to achieve a critical minimum
mass and pursue more and larger research projects than
any single company could afford.”

4 RJVs can exploit synergies from the complementary re-
search strengths of their members, creating a whole greater
than the sum of its parts.

4 RJVsare expected to be in a better position than any single
firm to maintain the necessary continuity of effort for long-
term research projects.

4 RJVs pool risk both in terms of a larger number of partici-
pants in each research project and a larger number of
projects.

4 RJVscan reduce duplication of effort among member firms
by concentrating larger resources on projects of common
interest.

4 RJVs can attract supplemental support from external
sources, including the government, by increasing the vis-
ibility of essential industrial research projects.

4 RJVs can create new investment options in technologies
that are out of the reach of individual member firms be-
cause of high resource commitment required, high uncer-
tainty, insufficient appropriability of the research outcome,
inadequacy of existing capabilities, and so forth.

By the end of 1998, 741 RJVs had been registered; orga-
nizations such as Sematech have helped U.S. industries re-
gain leadership in global markets for high-tech products such
as semiconductors. On the other hand, by 1998 the number of
new RJV filings per year had fallen sharply to 31, after reach-
ing a peak of 115 in 1995 (Link 1999). (See figure 2-25.)

34According to NCRA, an RJV is “any group of activities, including at-
tempting to make, making, or performing a contract, by two or more persons
for the purpose of (a) theoretical analysis, experimentation, or systematic
study of phenomena or observable facts, (b) the development or testing of
basic engineering techniques, (c) the extension of investigative findings or
theory of a scientific or technical nature into practical application for experi-
mental and demonstration purposes... (d) the collection, exchange, and analy-
sis of research information, or (e) any combination of the [above].” RIV
members can be from different sectors as well as from different countries.

35These points are taken from Vonortas (1997); however, Vonortas credits
these ideas to Douglas (1990).
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Figure 2-25.
Growth in R&D consortia registered under the
National Cooperative Research and Production Act
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Other observations include:

4 The industry with the most RJVs over the 1985-98 period
was communication services (standard industrial classifi-
cation, or “SIC,” number 48), which claimed 131 of the
741 total. The electronics industry (SIC 36) was a close
second with 120, followed by transportation equipment
(SIC 37) with 115.

4 The average number of members per RJV over the 1985-
98 period was 13; this number varied by industry, how-
ever, from an average of only 6 members for the commu-
nications services industry to an average of 25 for the elec-
tronics industry.

4 Only 10 percent of all RJVs included Federal laboratories
as research members. Among RJVs in the communications
services industries, less than 1 percent had Federal labs as
members. Among those in machinery and computer equip-
ment (SIC 35), 21 percent included Federal labs; among
those in electronics, 20 percent included Federal labs.

4 Sixteen percent of all RJVs included universities as re-
search members. For communications services, this per-
centage was as low as 5, whereas for electronics it was as
high as 34.

4 As many as 29 percent of all RJVs had foreign affiliates
as research members, ranging from 17 percent for trans-
portation equipment to 45 percent for the oil and gas ex-
traction industry (SIC 13).

4 Fourteen percent of RJVs had an environmental research
focus; no RJVs in communications services had an envi-
ronmental research focus, whereas 43 percent in chemi-
cals and allied products (SIC 28) had that focus.

4 Forty-nine percent of RJVs (365 of the 741 total) had re-
search that was process-focused; 41 percent (307) had re-
search that was product-focused; and the remaining 9 per-
cent (69) had research that included both. (See figure 2-25.)

International Comparisons
of National R&D Trends

Absolute levels of R&D expenditures are indicators of the
breadth and scope of a nation’s S&T activities and are a har-
binger of future growth and productivity. Indeed, investments
in the R&D enterprise strengthen the technological base on
which economic prosperity increasingly depends worldwide.
Findings from a study of 25 countries by Porter and Stern
(1999) indicate that human talent and R&D spending are
among the most important factors contributing to nations’
innovative capacity. Consequently, the relative strength of a
particular country’s current and future economy—and the
specific scientific and technological areas in which a country
excels—is further revealed through comparison with other
major R&D-performing countries. This section provides such
comparisons of international R&D spending patterns.® It ex-
amines absolute and relative expenditure trends, contrasts per-
former and source structural patterns, reviews the foci of R&D
activities, and looks at government priorities and policies.
Although R&D performance patterns by sector are similar
across countries, national sources of support differ consider-
ably. In nearly all OECD countries, government has provided
a declining share of all R&D funding during the past decade,
whereas the industrial share of the funding total has increased
considerably. Foreign sources of R&D have been increasing
in many countries.

Absolute Levels of Total R&D Expenditures

The worldwide distribution of R&D performance is con-
centrated in relatively few industrialized nations. Of the $500
billion in estimated 1997 R&D expenditures for the 28
OECD? countries, 85 percent is expended in just 7 countries
(OECD 1999d). These estimates are based on reported R&D
investments (for defense and civilian projects) converted to
U.S. dollars with purchasing power parity (PPP) exchange
rates.%® (See appendix table 2-2.)

3Most of the R&D data presented here are from reports to OECD, which
is the most reliable source of such international comparisons. A fairly high
degree of consistency characterizes the R&D data reported by OECD, with
differences in reporting practices among countries affecting their R&D/GDP
ratios by no more than an estimated 0.1 percentage point (ISPF 1993). None-
theless, an increasing number of non-OECD countries and organizations now
collect and publish internationally comparable R&D statistics, which are
reported at various points in this chapter.

$7Current OECD members are Australia, Austria, Belgium, Canada, Czech
Republic, Denmark, Finland, France, Germany, Greece, Hungary, Iceland,
Ireland, Italy, Japan, South Korea, Mexico, the Netherlands, New Zealand,
Norway, Poland, Portugal, Spain, Sweden, Switzerland, Turkey, the United
Kingdom, and the United States.

38Although PPPs technically are not equivalent to R&D exchange rates,
they better reflect differences in countries’ laboratory costs than do market
exchange rates. (See sidebar, “Purchasing Power Parities: Preferred Exchange
Rates for Converting International R&D Data.”)
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Advanced Technology Program Funding Slows

Two Federal technology partnership programs were
started in the 1990s: DOC’s Advanced Technology Pro-
gram (ATP) and DOD’s Technology Reinvestment
Project (TRP). The purpose behind both programs was
to spur the development and deployment of high-risk
enabling technologies through an industry-driven, cost-
sharing process whereby industry proposed the research
and supplied at least half of the funding. Of the two
programs, only ATP survives, and its budget was sharply
reduced in 1996.

The cumulative shares of ATP funding from 1990
to 1998 by government and industry have been nearly
the same: $1.3 billion in constant 1992 dollars. (See
appendix table 2-61.) The 285 single-applicant projects
have a cumulative total funding level of $851 million
in constant 1992 dollars, with ATP funds accounting
for 55 percent and industry funds accounting for 45
percent. The average award size across single appli-
cants and joint ventures has been $6.1 million in con-
stant 1992 dollars. The 146 joint ventures have had a
cumulative funding level of $1.8 billion in constant
1992 dollars, of which 53 percent was provided by in-
dustry participants.

ATP runs two kinds of competitions—general and
focused. Companies or consortia can submit proposals
for support in any technology area(s) in the general com-
petitions, whereas the focused competitions are for spe-
cific technologies. Proposals are selected through a peer
review process and are judged on their technical merit
and their potential for commercial success.

The ATP program was most active in 1994 and 1995.
(See figure 2-26.) In fact, funding in these two years
alone, in real terms, accounted for 53 percent of all
funding over the 1990-98 period. In 1996, funding had

The United States accounts for roughly 43 percent of the
OECD member countries’ combined R&D investments; U.S.
R&D investments continue to outdistance, by more than
2-to—1, R&D investments made in Japan, the second largest
R&D-performing country. Not only did the United States
spend more money on R&D activities in 1997 than any other
country, it also spent as much by itself as the rest of the G-7
countries—Canada, France, Germany, Italy, Japan, and the
United Kingdom—combined. (See appendix table 2-63.)%° In
only three other countries—the Netherlands, Australia, and
Sweden—do R&D expenditures exceed 1 percent of the
OECD R&D total (OECD 1999d).

3nternational data availability has become less timely over the past sev-
eral years, so 1997 is the most recent year for which R&D statistics are
widely available from many countries. Part of the delay in obtaining current
R&D statistics is a result of resource pressures affecting national statistical
offices; part is a result of resource constraints facing international organiza-
tions that provide internationally comparable data.

nearly vanished to $34 million (in 1992 dollars), but it has
picked up again in 1997 and 1998, with levels of $273
million and $408 million, respectively. In every year from
1990 to 1998, the ATP and industry shares have been close
to 50 percent each.

Figure 2-26.
Advanced Technology Program funding
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In 1985, spending in G-7 countries other than the United
States was equivalent to 90 percent of U.S. R&D expendi-
tures that year. The non-U.S. total climbed steadily to peak at
105 percent of the U.S. total in 1993. Since then, however,
non-U.S. G-7 R&D expenditures have slipped back to an
amount equivalent to about 98 percent of the U.S. total. (See
figure 2-27.) Initially, most of the United States’ relative im-
provement vis-&-vis the other G-7 countries since 1993 re-
sulted from a worldwide slowing in R&D performance that
was more pronounced in other countries than in the United
States. That is, although U.S. R&D spending stagnated or
declined for several years in the early to mid-1990s, the re-
duction in real R&D spending in most of the other large R&D-
performing countries was more striking. In Japan, Germany,
and Italy, inflation-adjusted R&D spending fell for three con-
secutive years (1992, 1993, and 1994) at a rate of decline that
exceeded similarly falling R&D spending in the United States.
In fact, large and small industrialized countries worldwide
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Figure 2-27.
U.S. and other G-7 countries’ R&D expenditures
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experienced substantially reduced R&D spending in the early
1990s (OECD 1999d). For most of these countries, economic
recessions and general budgetary constraints slowed indus-
trial and government sources of R&D support. More recently,
R&D spending has rebounded in several of the G-7 countries
(though not in France or the United Kingdom, according to
the latest available statistics), as has R&D spending in the
United States. Yet since annual R&D growth generally has
been stronger in the U.S. than elsewhere (see figure 2-28),
the difference between the U.S. and the combined other G-7
countries’ R&D spending has continued to narrow.
Concurrent with the relative increase in the U.S. share of
the G-7 countries’ R&D performance has been a reduction in
the U.S. R&D share of all OECD countries’ R&D spending.
In 1986 the United States accounted for 48 percent of the
R&D reported by OECD countries; by 1997 the U.S share
had dropped to less than 43 percent of the OECD R&D total.
Part of this share reduction (perhaps up to 2 percentage points)
resulted from the addition of several countries to OECD mem-

Figure 2-28.
Rates of change in total inflation-adjusted R&D
spending
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Purchasing Power Parities: Preferred
Exchange Rates for Converting International R&D Data

Comparisons of international statistics on R&D are ham-
pered by the fact that each country’s R&D expenditures
are denominated, obviously, in its home currency. Two ap-
proaches are commonly used to normalize the data and
facilitate aggregate R&D comparisons. The first method
is to divide R&D by GDP, which results in indicators of
relative effort according to total economic activity and cir-
cumvents the problem of currency conversion. The second
method is to convert all foreign-denominated expenditures
to a single currency, which results in indicators of absolute
effort. The first method is a straightforward calculation,
but it permits only gross national comparisons. The sec-
ond method permits absolute-level comparisons and analy-
ses of countries’ sector- and field-specific R&D
investments, but it entails choosing an appropriate currency
conversion series.

Because (for all practical purposes) there are no widely
accepted R&D-specific exchange rates, the choice is be-
tween market exchange rates (MERs) (available from IMF
1998) and purchasing power parities rates (PPPs) (avail-
able from OECD 1999d). These rates are the only series
consistently compiled and available for a large number of
countries over an extended period of time.

At their best, MERSs represent the relative value of cur-
rencies for goods and services that are traded across bor-
ders; that is, MERs measure a currency’s relative
international buying power. Sizeable portions of most coun-
tries” economies do not engage in international activity,
however, and major fluctuations in MERs greatly reduce
their statistical utility. MERs also are vulnerable to a num-
ber of distortions—currency speculation, political events
such as wars or boycotts, and official currency interven-
tion—that have little or nothing to do with changes in the
relative prices of internationally traded goods.

For these reasons, an alternative currency conversion
series—PPPs—has been developed (Ward 1985). PPPs take
into account the cost differences across countries of buy-

bership (thereby increasing the OECD R&D totals); world-
wide growth in R&D activities, however, was a greater con-
tributing factor to the loss of R&D share experienced by the
United States. If actual “world” R&D totals were available
(rather than for the OECD countries only), the decline in the
U.S. share would likely be more pronounced.

Distribution of Nondefense R&D Expenditures

The policy focus of many governments on economic com-
petitiveness and commercialization of research results has
shifted attention from nations’ total R&D activities to nonde-
fense R&D expenditures as indicators of scientific and tech-

ing a similar basket of goods and services in numerous
expenditure categories, including nontradables. The PPP
basket is therefore representative of total GDP across coun-
tries. When the PPP formula is applied to current R&D
expenditures of other major performers—such as Japan
and Germany—the result is a substantially lower estimate
of total research spending than that given by MERs. (See
figure 2-29.) For example, Japan’s R&D in 1996 totaled
$85 billion based on PPPs and $130 billion based on MERs;
German R&D was $40 billion and $54 billion, respectively.
(By comparison, U.S. R&D was $197 billion in 1996.)

PPPs are the preferred international standard for calcu-
lating cross-country R&D comparisons wherever possible
and are used in all official OECD R&D tabulations. Unfor-
tunately, they are not available for all countries and curren-
cies. They are available for all OECD countries, however,
and are therefore used in this report. Although there is con-
siderable difference in what is included in GDP-based PPP
items and R&D expenditure items, the major components
of R&D costs—fixed assets and the wages of scientists, en-
gineers, and support personnel—are more suitable to a do-
mestic converter than to one based on foreign trade flows.
Exchange rate movements bear little relationship to changes
in the cost of domestically performed R&D. (See figure 2-
29.) When annual changes in Japan’s and Germany’s R&D
expenditures are converted to U.S. dollars with PPPs, they
move in tandem with such funding denominated in their
home currencies. Changes in dollar-denominated R&D ex-
penditures converted with MERs exhibit wild fluctuations
that are unrelated to the R&D purchasing power of those
investments. MER calculations indicate that, between 1986
and 1996, German and Japanese R&D expenditures each
increased in three separate years by 20 percent or more. In
reality, nominal R&D growth never exceeded 12 percent in
either country during this period. PPP conversions gener-
ally mirror the R&D changes denominated in these coun-
tries” home currencies.

nological strength.“° Indeed, conclusions about a country’s rela-
tive standing may differ dramatically depending on whether
total R&D expenditures are considered or defense-related ex-
penditures are excluded from the totals. In absolute dollar terms,
the U.S. international nondefense R&D position is still consid-
erably more favorable than that of its foreign counterparts; the

40This is not to say that defense-related R&D does not benefit the com-
mercial sector. Unquestionably, technological spillovers have occurred from
defense to the civilian sector. Almost as certainly, however, the benefits are
less than if these same resources had been allocated directly to commercial
R&D activities. Moreover, considerable anecdotal evidence indicates that
the direction of technological flow is now more commonly from commercial
markets to defense applications rather than the reverse.
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Figure 2-29.
Japanese and German R&D expenditures and
annual changes in R&D estimates
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United States is not nearly as dominant, however, as when total
R&D expenditures are compared. In 1996 (the latest year for
which comparable international R&D data are available from
most OECD countries), U.S. nondefense R&D was almost
twice that of Japan’s, but the non-U.S. G-7 countries’ combined
nondefense total was 17 percent more than nondefense R&D
expenditures in the United States alone.

Between 1982 and 1990, growth in U.S. nondefense R&D
spending was similar to nondefense R&D growth in other
industrial countries (except Japan, where nondefense R&D
expenditure growth was notably faster). As an equivalent per-
centage of the U.S. nondefense R&D total, comparable Japa-
nese spending jumped from 45 percent in 1982 to 55 percent
in 1990. (See appendix table 2-64.) During this period,
Germany’s annual spending equaled 26-29 percent of U.S.
nondefense R&D spending. France’s annual spending during
this same period was equivalent to 17-18 percent of the U.S.
total, and the United Kingdom’s annual spending fluctuated
narrowly between 14 and 16 percent of the U.S. total.

Since 1990, the worldwide slowing in R&D spending and
the subsequent industrial rebound in the U.S. has narrowed
the gap between U.S. nondefense R&D spending and that in
the other G-7 countries. In 1996, the combined nondefense
R&D spending in the six non-U.S. G-7 countries is estimated
at $173 billion (in constant PPP dollars), compared with $148
billion (constant dollars) in the United States. Japanese and
German nondefense spending relative to U.S. spending de-
clined to 52 and 24 percent, respectively.

Trends in Total R&D/GDP Ratios

One of the most widely used indicators of a country’s com-
mitment to growth in scientific knowledge and technology
development is the ratio of R&D spending to GDP. (See fig-
ure 2-30.) For most of the G-8 countries (that is, the G-7 coun-
tries plus the Russian Federation), the latest R&D/GDP ratio
is no higher now than it was at the start of the 1990s, which
ushered in a period of slow growth or decline in their overall
R&D efforts. The ways in which different countries have
reached their current ratios vary considerably, however.** The
United States and Japan each reached local peaks—at 2.7 and
2.8 percent, respectively—in 1990-91. As a result of reduced
or level spending by industry and government in both coun-
tries, the R&D/GDP ratios declined several tenths of a per-
centage point, before rising again to 2.7 and 2.9 percent. Growth
in industrial R&D accounted for most of the recovery in each
of these countries. Electrical equipment, telecommunications,
and computer services companies have accounted for some of
the strongest R&D growth since 1995 in the United States. In
Japan, spending increases were highest in the electronics, ma-

4LA country’s R&D spending and therefore its R&D/GDP ratio is a func-
tion of several factors in addition to its commitment to supporting the R&D
enterprise. Especially because the majority of R&D is performed by indus-
try in each of these countries, the structure of industrial activity can be a
major determinant of the level and change in a country’s R&D/GDP ratio.
Variations in such spending can result from differences in absolute output,
industrial structure, and R&D intensity. Countries with the same size economy
could have vastly different R&D/GDP ratios depending on the share of in-
dustrial output in the economy, whether the industries that account for the
industrial output are traditional sites of R&D activity (for example, food
processing firms generally do less R&D than do pharmaceutical compa-
nies), and whether individual firms in the same industries devote substantial
resources to R&D or emphasize other activities (that is, firm-specific inten-
sities). For example, economies with high concentrations in manufacturing
(which has traditionally been more R&D intensive than nonmanufacturing
or agricultural economies) have different patterns of R&D spending. See
text table 2-13 for the distribution of industrial R&D performance in the G-
7 countries and Sweden (which has the highest R&D/GDP ratio in the world).
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Text table 2-13.

Share of industrial R&D by industry sector for selected countries

Percent of industrial R&D performance total

United United

Canada Germany France Italy Japan Kingdom Sweden States

1997 1995 1996 1997 1996 1997 1995 1996
Total manufacturing .......cccccceeeeviieeeiiie e 60.9 94.6 87.7 83.6 94.5 80.4 87.5 80.5
Food, beverages & tobacco .. 11 0.8 1.8 1.2 25 1.9 1.2 1.1
Textiles, fur & leather ... 0.6 0.6 0.6 0.4 0.8 0.3 0.2 0.3
Wood, paper, printing, publishing ...................... 1.8 0.5 0.4 0.2 1.2 0.5 3.0 2.0
Coke, ref. petrol. prod. & nucl. fuel .................... 0.9 0.2 1.3 0.6 0.6 3.7 0.3 1.1
Chemicals & chemical products ..............cccc...... 8.5 17.9 18.6 13.9 15.8 29.6 16.3 13.0
Chemicals (less Pharmaceuticals) ... 2.1 13.3 6.3 5.9 9.2 7.1 2.0 6.3
Pharmaceuticals ...........cccooiiiiiiniiiiieniieees 6.3 4.6 12.3 8.0 6.6 225 14.3 6.8
Rubber & plastic products ............cccccceeiiiieennns 0.4 15 25 1.9 2.6 0.6 1.0 1.0
Non-metallic mineral products . 0.1 1.0 1.2 0.3 2.1 0.5 0.5 0.3
Basic metals..........cccccccveenne 1.8 1.0 1.7 1.0 3.5 0.6 1.2 0.5
Fabricated metal products ..........cccccccveeriiieennns 0.9 14 1.2 2.7 15 0.9 11 1.1
Machinery eq., instruments & trans. equip. ....... 44.1 69.0 57.7 61.3 63.1 41.5 62.5 59.6
Machinery, N.e.C. .....ccooouieiiiiieiie e 1.9 11.3 4.6 5.3 8.7 5.8 10.8 4.2
Office, account. & computing machinery ........ 4.1 3.9 2.6 3.7 9.9 1.1 14 8.8
Electrical machinery ..........cccocceevvveeeviieeesnnnnn. 0.9 7.2 3.4 4.8 10.9 4.4 1.6 2.3
Electro. equip.(radio, TV & comm.) .... 23.8 10.0 115 19.4 16.1 6.9 19.9 13.2
Instruments, watches & clocks ...............c.c..... 1.2 6.0 9.5 1.8 3.6 &85 6.9 8.4
Motor VENICIES .......eovviiiiiiiiciccee e 1.8 21.2 11.9 14.7 12.8 10.1 16.4 11.1
Other transport equipment.... 10.3 9.4 14.3 11.6 11 9.8 5.5 11.6
ACTOSPACE ....eviieieeeiiiiiieee e 10.3 8.1 13.7 9.7 0.7 9.3 5.1 11.2
Ships, other transport nec. ..........ccceevvveeennn 0.1 1.2 0.6 2.0 0.3 0.4 0.5 0.3
Furniture, other manufacturing nec. ................... 0.7 0.6 0.6 0.1 0.8 0.3 0.2 NA
Electricity, gas & water ...........cccoceeeeiiieeiiiieesieene 2.6 0.4 3.1 3.0 11 1.4 0.9 0.2
Construction 0.2 0.3 0.7 0.3 2.2 0.1 0.5 0.2
TOtal SEIVICES ....ciiiiiiiiiieee et 33.5 35 6.9 13.1 4.2 175 10.0 19.5
Wholesale, retail trade, motor veh. repair etc. ... 6.4 0.1 NA 0.2 NA 0.1 NA 4.4
Hotels & restaurants ...........cccooeeveeiiieenienieeninenn NA NA NA 0.0 NA NA NA 0.2
Transport & storage 0.2 0.2 29 0.2 0.1 0.1 0.2 0.2
Communications .........ccccceeveenne. 2.1 NA NA 4.1 24 5.2 25 2.8
Financ. intermediation (inC. iNSUL.) ........cccocvveeenes 5.5 0.1 NA 0.0 NA NA NA 0.9
Real estate, renting & bus. activities .................. 19.3 2.5 3.9 8.4 1.8 12.0 7.1 NA
Computer & related activities 6.8 0.4 2.3 1.1 1.8 7.4 15 5.1
Research & development ...... 9.6 0.7 NA 5.9 NA 3.5 5.0 3.8
Other business activities nec. 2.9 1.4 1.6 1.4 NA 1.2 0.6 NA
Comm., soc. & pers. serv. activ.,etC..........c........ NA 0.1 NA 0.2 NA 0.1 0.2 NA

NA= Not available separately

NOTE: The underlying OECD detailed data do not sum to 100 percent.

SOURCE: Organisation for Economic Co-operation and Development (OECD), ANBERD Database (DSTI/EAS Division), 1999.

chinery, and automotive sectors and appear to be associated
mainly with a wave of new digital technologies (IRl 1999). In
addition, Japan’s national government also has contributed to
some of the renewed vigor in Japan’s R&D spending. (See NSF
1997 for a summary of the Japanese government’s intent to
double Japan’s R&D budget.)

By comparison—and with the notable exception of Canada,
for which the R&D/GDP ratio has remained relatively level
since the early 1990s—the other G-8 countries each report
lower R&D shares now than at the beginning of the decade.
The smallest share reductions occurred in Italy, the United
Kingdom, and France (declining about two-tenths of a per-
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centage point in each country, to current ratios of 1.0, 1.9,
and 2.3 percent, respectively). In Germany, the R&D/GDP
ratio fell from 2.9 percent at the end of the 1980s, before
reunification, to its current level of 2.4 percent. The end of
the Cold War and collapse of the Soviet Union had a drastic
effect on Russia’s R&D enterprise. R&D spending in Russia
was estimated at 1.4 percent of GDP in 1991; that figure plum-
meted to 0.7 percent in 1992. Moreover, the severity of this
R&D decline is masked somewhat in that while the R&D
share was falling, it also was a declining share of a declining
GDP. By 1997, R&D spending in Russia had inched back to
about 1.0 percent of GDP.



2-46 ¢ Chapter 2. U.S. and International Research and Development: Funds and Alliances

Figure 2-30.
R&D as a percentage of GDP, G-8 countries
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See appendix tables 2-63 and 2-64.
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Overall, the United States ranked sixth among OECD coun-
tries in terms of reported R&D/GDP ratios for the 1995-97 pe-
riod. (See text table 2-14.) Sweden leads all countries with 3.9
percent of its GDP devoted to R&D—followed by Japan and South
Korea (2.9 percent); Finland (2.8 percent); and Switzerland (2.7
percent). In general, southern and eastern European countries tend
to have R&D/GDP ratios below 1.5 percent, whereas northern
European nations and non-European OECD countries report R&D
spending shares above 1.5 percent.

Nondefense R&D/GDP Ratios

Compared with total R&D/GDP ratios, the relative posi-
tion of the United States is slightly less favorable if only non-
defense R&D is considered. Japan’s nondefense R&D/GDP

Text table 2-14.
R&D as a percentage of gross domestic product

Sweden 3.85 Russian Federation 0.95
Japan 2.92 Venezuela 0.89
South Korea 2.89 Spain 0.86
Finland 2.78 Brazil (1996) 0.76
Switzerland (1996) 2.74 Poland 0.76
United States 2.60 Hungary 0.73
Germany 2.31 Cuba 0.70
Israel 2.30 South Africa 0.69
France 2.23 China 0.65
Netherlands (1996) 2.09 Portugal 0.65
Denmark 2.03 Chile 0.64
China (Taipei) 1.92 Indonesia (1995) 0.50
United Kingdom 1.87 Greece (1993) 0.48
Australia (1996) 1.68 Turkey (1996) 0.45
Norway 1.68 Uruguay 0.42
Canada 1.60 Colombia 0.41
Belguim (1995) 1.58 Argentina 0.38
Iceland 1.56 Panama 0.38
Austria 1.52 Malaysia (1994) 0.34
Singapore 1.47 Bolivia (1996) 0.33
Ireland 1.43 Mexico 0.42
Czech Republic 1.19 The Philippines (1992) 0.21
Slovak Republic 1.18 Thailand (1996) 0.12
Costa Rica (1996) 1.13 Hong Kong (1996) 0.10
New Zealand 1.10 Ecuador (1996) 0.08
Italy 1.08

NOTES: Unless noted otherwise, data are for 1997.
Data for Israeli and China (Taipei) include nondefense R&D only.

Total OECD 217
North America 2.36
European Union 1.84

SOURCES: Organisation for Economic Co-operation and Develop-
ment (OECD 1999), Centre for Science Research and Statistics
(CSRS 1999), Red Iberomericana de Indicatores de Ciencia 'y
Tecnologia (RICYT 1998), Israel Central Bureau of Statistics (1998),
South Africa FRD (1998), National Science Council (1998), and Pacific
Economic Cooperation Council (PECC 1997).
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ratio (2.8 percent) exceeded that of the United States (2.1
percent) in 1996, as it has for years. (See figure 2-30 and
appendix table 2-64.) The nondefense R&D ratio of Germany
(2.2 percent) slightly exceeded that of the United States (again,
in contrast to total R&D). The 1996 nondefense ratio for
France (2.0 percent) was slightly below the U.S. ratio; those
for the United Kingdom (1.7 percent), Canada (1.6 percent),
and Italy (1.0 percent) were much lower. The most recent non-
defense R&D/GDP ratio for Russia was a 0.6 percent share
in 1994.

Consistent with overall R&D funding trends, however, the
U.S. nondefense R&D/GDP ratio has been improving rela-
tive to each of the G-8 countries since 1994, when ratios re-
ported for Japan and Germany exceeded that for the United
States. France also reported devoting more of its economic
output to nondefense R&D activities than did the United
States, and the relative ratio of U.K. nondefense R&D spend-
ing to GDP was about equal to that in the United States. Led
by industry’s investments in research and predominantly de-
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velopment spending, the U.S. nondefense R&D/GDP ratio
now matches or exceeds each of the world’s other major R&D
performing countries (except Japan).

Emerging Countries’ R&D Investments

Outside the European region, R&D spending has intensi-
fied considerably since the early 1990s. Several Asian coun-
tries—most notably South Korea and China—have been
particularly aggressive in expanding their support for R&D
and S&T-based development.*? In Latin America and the Pa-
cific region, other non-OECD countries also have attempted
to substantially increase R&D investments during the past
several years (APEC/PECC 1997; RICYT 1998).43

Even with recent gains, however, most non-European (non-
OECD) countries invest a smaller share of their economic
output on R&D than do OECD members (with the exception
of Israel—whose reported 2.3 percent nondefense R&D/GDP
ratio ranks eighth in the world). With the apparent exception
of Costa Rica, all Latin American countries for which such
data are available report R&D/GDP ratios below 1 percent.
(See text table 2-14.) This distribution is consistent with
broader indicators of economic growth and wealth. However,
many of these countries also report additional S&T-related
expenditures on human resources training and S&T infrastruc-
ture development that are not captured in R&D and R&D/
GDP data (RICYT 1998).

R&D in the Russian Federation in Transition

As recently as 1990, R&D accounted for about 2 percent of
the Soviet Union’s GDP, with about 40 percent of that amount
expended on defense-related activities (Gohkberg, Peck, and
Gacs 1997).* Indeed, the most advanced aspects of Soviet R&D
efforts were undertaken in state-owned enterprises devoted to
national security; much of the remaining R&D was performed
in other large public industrial institutions in applied research
fields that overlapped defense concerns. Most of the basic re-
search was and continues to be in the physical sciences and
engineering fields.

“2Als0 see NSF (1993) and NSF (1995) for a discussion of S&T trends in
several Asian countries. See NSF (1996) for information on growth in S&T
activities in Europe.

43In addition to expanding their R&D investments, an increasing number of
countries worldwide have expended considerable efforts to collect and publish
science and technology (including R&D) statistics that are internationally com-
parable. One such effort is coordinated by the Iberoamerican Network of Sci-
ence and Technology Indicators (RICYT). The Network aims to design, collect,
and publish S&T indicators, as well as to train professionals specialized in
these subjects (Albornoz and Poluch 1999). Together with assistance from the
Organization of American States (OAS) and the Iberoamerican Program on
Science and Technology for Development, RICYT has published several S&T
indicator reports (available at <<http://www.ung.edu.ar/ricyt>>). The Network
has the participation of all countries in the Americas, as well as that of Spain
and Portugal. Similar efforts have been underway for Pacific-based econo-
mies that are members of the Asia-Pacific Economic Cooperation (APEC)
and the Pacific Economic Cooperation Council (PECC).

4R&D data for the Russian Federation are taken from Centre for Science
Research and Statistics surveys designed to collect such statistics in accor-
dance with OECD international standards.

The introduction of a market economy to Russia brought
about drastic economic restructuring, including a sharp decline
in the dominance of state-owned enterprises and a 25 percent
shrinkage in real GDP in just two years (IMF 1998). These
trends, in turn, brought about major R&D downsizing; real
R&D expenditures in 1992 collapsed to only 30 percent of the
inflation-adjusted levels reported for 1990 (CSRS 1999). That
is, real spending on R&D fell 70 percent with a resultant R&D/
GDP ratio of about 0.7 percent. (See text table 2-15.) Reflect-
ing the lack of core budgets, between 1990 and 1992 entire
research institutes closed—including many well-equipped labo-
ratories of the former military-industrial complex—and an es-
timated 19 percent of all researchers left their government R&D
laboratories for the commercial sector or retirement or for other
reasons, including emigration.*

Between 1992 and 1995, Russian R&D spending continued
to deteriorate, though at a slower pace, falling 25 percent in real
terms (for a total decrease of 78 percent since the start of the
decade) (CSRS 1999; OECD 1998b). The rate at which research-
ers left their labs accelerated, however; the number of research-
ers at government facilities declined 39 percent during the
1992-95 period, reflecting the effect of low and unpaid salaries,
declining budgets for capital and research equipment, and gen-
erally inhospitable working conditions.

In terms of R&D spending, the situation in Russia has im-
proved slightly since 1995. Fueled by government and industrial
spending, growth in R&D exceeded inflation in 1996 and 1997.
Similarly, funds from foreign sources (including funding from

450ther former communist countries have experienced similar patterns of
initial decline and restructuring in their R&D enterprise. In the transition
toward market economies, however, the pattern has varied considerably among
countries, reflecting the diversity of their economic and social histories and
experiences (e.g., business orientation, technological openness, and role of
higher education). For a review of country-specific differences and recent
developments in Hungary, Poland, the Czech Republic, Slovakia, Romania,
and Russia, see Radosevic and Auriol (1999).

Text table 2-15.
Indicators of R&D in the Russian Federation

R&D Personnel

R&D
(Billions of R&D/ Total* Researchers Technicians

1989 rubles) GDP (thousands)
1990.... 10.898 2.03 1,943 993 235
1991... 7.290 1.43 1,678 879 201
1992 ... 3225 0.74 1,533 804 181
1993.... 3.055 0.77 1,315 645 134
1994 ... 2930 0.84 1,106 525 116
1995... 2446 0.77 1,061 519 101
1996 ... 2.603 0.88 991 485 88
1997 ... 2.797 0.95 935 455 80

* Includes science and engineering researchers, technicians, and
other supporting staff.

SOURCE: Center for Science Research and Statistics (CSRS) Russian
Science and Technology at a Glance: 1998 (Moscow: CSRS, 1999)

Science & Engineering Indicators — 2000
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the European Union and the U.S. Civilian Research Foundation,
among others) tripled between 1995 and 1997 and now account
for 7 percent of domestic R&D spending in Russia (CSRS 1999).
In spite of these recent gains, real R&D spending remains 13
percent below the levels reported for 1992 and 75 percent below
the estimated levels at the beginning of the decade. Furthermore,
the outflow of researchers from such activities is still an impor-
tant concern, as is the belief that the younger generation is not
choosing science and engineering careers to the same extent as
previously. Between 1995 and 1997, an estimated 65,000 scien-
tists and engineers left their R&D work, resulting in a researcher
workforce level (455,000) that was less than half of the esti-
mated 1990 level (993,000).

International R&D by Performer,
Source, and Character of Work

Performing Sectors

The industrial sector dominates R&D performance in each
of the G-7 countries. (See figure 2-31.) Industry performance
shares for the 1996-98 period ranged from a little more than
70 percent in the United States and Japan to less than 54 per-
cent in Italy. Industry’s share was between 60 and 70 percent
in Germany, France, the United Kingdom, and Canada.*¢ Most
of the industrial R&D performance in these countries was
funded by industry. Government’s share of funding for indus-
try R&D performance ranged from as little as 1 percent in
Japan to 15 percent in the United States. (See appendix table
2-65.) By comparison, industry performance in Russia ac-

46See text table 2-13 for the distribution of industrial R&D performance
in the G-7 countries and Sweden. For detailed data on industry-specific R&D
activities in other OECD countries, see OECD 1999b.

counted for a 66 percent share of the total. However, govern-
ment was the source of half of these funds (as contrasted with
government’s 15 percent or smaller shares in the G-7 coun-
tries), and industry itself funded just 40 percent of the Rus-
sian industrial R&D performance total.*’

In most of these countries, the academic sector was the next-
largest R&D performer (at about 12 to 25 percent of the perfor-
mance total in each country).*® Academia often is the primary
location of research (as opposed to R&D) activities, however.
Government was the second-largest R&D performing sector in
France (which included spending in some sizeable government
laboratories) and the U.S. (which includes FFRDCs), as it was in
Russia (accounting for 28 percent of that nation’s R&D effort).
By comparison, government’s R&D performance share was
smallest in Japan, at about 10 percent of the country’s total.

Sources of Funds

Industry R&D Funding
Consistent with the fact that the industrial sector performs
most of these countries’ R&D activities, it provides the great-

47Although the economic structure of the Russian system still differs con-
siderably from that of the G-7 countries, these data were compiled and ad-
justed by the Russian R&D statistics organization, CSRS (1999), according
to OECD sector categories to allow international comparison.

48The national totals for Europe, Canada, and Japan include the research
component of general university funds (GUF) block grants—not to be con-
fused with basic research—provided by all levels of government to the aca-
demic sector. Therefore, at least conceptually, the totals include academia’s
separately budgeted research and research undertaken as part of university
departmental R&D activities. In the United States, the Federal Government
generally does not provide research support through a GUF equivalent, pre-
ferring instead to support specific, separately budgeted R&D projects. On
the other hand, a fair amount of state government funding probably does
support departmental research at public universities in the United States.
Data on departmental research, considered an integral part of instructional
programs, generally are not maintained by universities. U.S. totals may thus
be underestimated relative to the R&D effort reported for other countries.

Figure 2-31.
R&D expenditures, by country, performer, and source: 1996-98
Percent Percent
100 100
Performer Source of funds
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See appendix table 2-65.
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est proportion of financial support for R&D in the G-7. Shares
for this sector, however, differed from one country to another.
Industry provided more than 70 percent of R&D funds in Ja-
pan; 64 percent in Germany; 55 percent in the United States;
and between 44 and 49 percent in the United Kingdom, Italy,
France, and Canada. In Russia, industry provided about 30
percent of the nation’s R&D funding; government provided the
largest share (61 percent of the country’s 1997 R&D total). In
most of these countries (except Russia and Italy, where it was
largest), government was the second-largest source of R&D
funding. In each of these eight countries, government provided
the largest share of the funds for academic R&D performance.

Declining Government R&D

The most notable trend among the G-7 countries, however,
has been the relative decline in government R&D funding in
the 1990s. Indeed, this pattern of reduced governmental R&D
support is apparent throughout the OECD, and especially in
European countries (Caracostas and Muldur 1998). In 1997,
roughly one-third of all R&D funds were derived from govern-
ment sources—down considerably from the 45 percent share
reported 16 years earlier. (See text table 2-16.) Among all OECD
countries, government accounts for the highest funding share
in Portugal (68 percent of its 1997 R&D total) and the lowest
share in Japan (19 percent in 1996). Part of the relative decline
reflects the effects of budgetary constraints, economic pres-
sures, and changing priorities in government funding (espe-
cially the relative reduction in defense R&D in several of the
major R&D-performing countries—notably France, the United
Kingdom, and the United States). Part reflects the absolute
growth in industrial R&D funding as a response to increasing
international competitive pressures in the marketplace, irre-
spective of government R&D spending patterns—thereby in-
creasing the relative share of industry’s funding vis-a-vis
government’s. Both of these considerations are reflected in fund-

Text table 2-16.

Sources of total and industry R&D performed in
OECD countries, selected years

(Percent)

1981 1986 1991 1997

OECD total R&D financed by

INAUSEIY .ooeeieeeceeeceee e 51.2 541 587 623

Government ...........eeevveeeveennns 45.0 420 358 314

Other domestic sources........ 2.5 2.4 3.4 3.8

Foreign sources .................... 1.3 15 2.1 2.5
OECD industry R&D financed by

Government ............eevveeveeennns 226 218 150 10.2

Industry and other sources ... 77.4 782 85.0 89.8

NOTE: Includes all countries that were members of the OECD in the
year reported, therefore the number of countries included may differ
from one year to the next.

SOURCE: OECD Main Science and Technology Indicators Database
(April 1999).
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ing patterns for industrial R&D performance alone: In 1981,
government provided 23 percent of the funds used by industry
in the conduct of R&D within OECD countries, whereas by
1997 government’s share of the industry R&D total had fallen
by more than half, to 10 percent of the total. In most OECD
countries (as inthe U.S.), government support to business R&D
is skewed toward large firms (OECD 1999a).

Rising Foreign R&D

The R&D funding share represented by funds from abroad
ranged from as little as 0.1 percent in Japan to more than 16
percent in the United Kingdom. Foreign funding—predomi-
nantly from industry for R&D performed by industry—is an
important and growing funding source in several countries
and reflects the increasing globalization of industrial R&D
activities overall. Although the growth pattern of foreign fund-
ing has seldom been smooth, it now accounts for more than
20 percent of industry’s domestic performance totals in
Canada and the United Kingdom and approximately 10 per-
cent of industry R&D performed in France and Italy. (See
figure 2-32.) Such funding takes on even greater importance
in many of the smaller OECD countries, as well as in less
industrialized countries (OECD 1999d). In the United States,
approximately 8 percent of funds spent on industry R&D per-
formance in 1996 are estimated to have come from majority-
owned affiliates of foreign firms investing domestically. This
amount was considerably more than the 3 percent funding
share provided by foreign firms in 1980.%°

“Unlike for other countries, there are no data on foreign sources of U.S.
R&D performance. The figures used here to approximate foreign involve-
ment are derived from the estimated percentage of U.S. industrial perfor-
mance undertaken by majority-owned (i.e., 50 percent or more) nonbank
U.S. affiliates of foreign companies. In short, the U.S. foreign R&D totals
represent industry funding based on foreign ownership regardless of origi-
nating source, whereas the foreign totals for other countries represent flows
of foreign funds from outside the country to any of its domestic performers.

Figure 2-32.
Proportion of industrial R&D expenditures financed
from foreign sources
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See appendix table 2-72.
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Character of R&D Effort

Not all of the G-8 countries categorize their R&D expen-
ditures into character of work classifications (that is, basic
research, applied research, or development), and for several
countries that do utilize this taxonomy, the data are some-
what dated (OECD 1999c). Nonetheless, where these data
exist, they are indicative of the relative emphasis that a coun-
try places on supporting fundamental scientific activities—
the seed corn of economic growth and technological
advancement.

The United States expends about 17 percent of its R&D
on activities that performers classify as basic research. (See
figure 2-33.) Much of this research is funded by the Federal
Government and is performed in the academic sector. The
largest share of this basic research effort is in support of the
life sciences.

Basic research accounts for a similar portion (18 percent)
of the R&D total in the Russian Federation. In comparison
with U.S. patterns, however, a considerably greater share is
for engineering research activities. In Japan, a comparatively
smaller amount (12 percent) of the national R&D performance
effort is for basic research, but as in Russia engineering fields
receive the largest share of these funds. Conversely, basic re-
search accounts for more than 20 percent of total R&D per-

Figure 2-33.
Distribution of R&D by character of work, in
selected G-8 countries

Percent
100
[ |Basicresearch [ Applied research  [[[] Development |
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o= 60
60 54
49
= 40
40 3
29
23 23 22 22
20 |17 1817
12
-
0
United Japan France Italy Russia United
States  (1997)  (1994)  (1998)  (1997) Kingdom
(1998) (1997)

NOTES: The character of work for 6 percent of Japan's R&D is
unknown. The U.K splits are for industrial and government performers
only. R&D character of work data for the higher education and
nonprofit sectors (21 percent of the national total) are unavailable. For
Germany, 21 percent of its 1993 R&D was basic research; the rest
was undistributed. Canada does not report any of these data.
Because of rounding, detail may not sum to totals.

SOURCES: Organization for Economic Co-operation and
Development (OECD). 1999c. Basic Science and Technology
Statistics: 1998 (on diskette). Paris: OECD; Center for Science
Research and Statistics (CSRS) 1999. Russian Science and
Technology at a Glance: 1998. Moscow: CSRS.
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formance reported in Italy, France, and Germany. Further-
more, basic research would likely account for a similar share
of the United Kingdom’s R&D were these data available and
published for the academic and nonprofit sectors—traditional
locations for basic research activities. Except in Italy (where
applied research was dominant), development activities ac-
counted for the largest share of national totals, with most of
the experimental development work underway in their respec-
tive industrial sectors.

International Comparisons of
Government R&D Priorities

The downturn in R&D growth within OECD countries has
been disproportionately caused by flat or declining govern-
ment funding of R&D since the late 1980s. These develop-
ments reflect and add to worldwide R&D landscape changes
that present a variety of new challenges and opportunities.
The following sections highlight government R&D funding
priorities in several of the larger R&D-performing nations,
summarize broad policy trends, and detail indirect support
for research that governments offer their domestic industries
through the tax code.

Funding Priorities by National Objective

A breakdown of public expenditures by major socioeco-
nomic objectives provides insight into governmental priori-
ties, which differ considerably across countries.>® In the United
States, 54 percent of the government’s $74 billion R&D in-
vestment during 1998 was devoted to national defense. This
share compares with the 38 percent defense share in the United
Kingdom (of an $9 billion government total); 28 percent in
France (of $13 billion); and 10 percent or less each in Ger-
many, Italy, Canada, and Japan. (See figure 2-34 and appen-
dix table 2-66.) These recent figures represent substantial
cutbacks in defense R&D in the United States, the United
Kingdom, and France—where defense accounted for 63 per-
cent, 44 percent, and 40 percent of government R&D fund-
ing, respectively, in 1990. However, defense-related R&D also
seems particularly difficult to account for in many countries’
national statistics. (See sidebar, “Accounting for Defense
R&D: Gap Between Performer- and Source-Reported Expen-
ditures.”)

%0Data on the socioeconomic objectives of R&D funding are rarely ob-
tained by special surveys; they are generally extracted in some way from
national budgets. Because those budgets already have their own methodol-
ogy and terminology, these R&D funding data are subject to comparability
constraints not placed on other types of international R&D data sets. Nota-
bly, although each country adheres to the same criteria for distributing their
R&D hy objective—as outlined in OECD’s Frascati Manual (OECD 1994)—
the actual classification may differ among countries because of differences
in the primary objective of the various funding agents. Note also that these
data reflect government R&D funds only, which account for widely diver-
gent shares and absolute amounts of each country’s R&D total.
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Figure 2-34.

Government R&D support, by country and socioeconomic objective: 1997-98
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NOTES: R&D is classified according to its primary government objective, although it may support any number of complementary goals. For example,
defense R&D with commercial spinoffs is classified as supporting defense, not industrial development. R&D for the advancement of knowledge is not

equivalent to basic research.

See appendix table 2-66.

International Nondefense Functions

Japanese, German, and Italian government R&D appro-
priations in 1997 were invested relatively heavily (48 percent
or more of the $18 billion total for Japan, 54 percent of
Germany’s $16 billion total, 60 percent of the $6 billion total
in Italy) in advancement of knowledge—that is, combined
support for advancement of research and general university
funds (GUF). Indeed, the GUF component of advancement
of knowledge—for which there is no comparable counterpart
in the United States—represents the largest part of govern-
ment R&D expenditure in most OECD countries.>

51In the United States, “advancement of knowledge” is a budgetary cat-
egory for research unrelated to a specific national objective. Furthermore,
whereas GUF is reported separately for Japan, Canada, and European coun-
tries, the United States does not have an equivalent GUF category: Funds to
the university sector are distributed to address the objectives of the Federal
agencies that provide the R&D funds. Nor is GUF equivalent to basic re-
search. The treatment of GUF is one of the major areas of difficulty in mak-
ing international R&D comparisons. In many countries, governments support
academic research primarily through large block grants that are used at the
discretion of each individual higher education institution to cover adminis-
trative, teaching, and research costs. Only the R&D component of GUF is
included in national R&D statistics, but problems arise in identifying the
amount of the R&D component and the objective of the research.

Government GUF support is in addition to support provided in the form
of earmarked, directed, or project-specific grants and contracts (funds for
which can be assigned to specific socioeconomic categories). In the United
States, the Federal Government (although not necessarily state governments)
is much more directly involved in choosing which academic research projects
are supported than national governments in Europe and elsewhere. Thus,
these socioeconomic data are indicative not only of relative international
funding priorities but also of funding mechanisms and philosophies regard-
ing the best methods for financing research. For 1997, the GUF portion of
total national governmental R&D support was 47 percent in Italy, about 38
percent in Japan and Germany, and just under 20 percent in the United King-
dom, Canada, and France.

Science & Engineering Indicators — 2000

The emphasis on health-related research is much more
pronounced in the United States than in other countries. This
emphasis is especially notable in the support of life sciences
in academic and similar institutions. In 1998, the U.S. gov-
ernment devoted 19 percent of its R&D investment to health-
related R&D, making such activities second only to defense.
(Direct comparisons between health and defense R&D are
complicated because most of the health-related R&D is re-
search, whereas about 90 percent of defense R&D is devel-
opment.) By comparison, health R&D support ranges between
9 and 15 percent of total spending in the governmental R&D
budgets of the United Kingdom, Italy, and Canada.

Different activities were emphasized in other countries’
governmental R&D support statistics. Japan committed 20
percent of governmental R&D support to energy-related ac-
tivities, reflecting the country’s historical concern about its
high dependence on foreign sources of energy. In Canada, 12
percent of the government’s $3 billion in R&D funding was
directed toward agriculture. Space R&D received consider-
able support in the United States and France (11 percent of
the total in each country), whereas industrial development
accounted for 9 percent or more of governmental R&D fund-
ing in Germany, Italy, and Canada. Industrial development
programs accounted for 7 percent of the Japanese total but
just 0.5 percent of U.S. R&D. The latter figure is understated
relative to other countries as a result of data compilation dif-
ferences.
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Accounting for Defense R&D: Gap Between
Performer- and Source-Reported Expenditures

In many OECD countries, including the United
States, total government R&D support figures reported
by government agencies differ substantially from those
reported by performers of R&D work. Consistent with
international guidance and standards (OECD 1994),
however, most countries’ national R&D expenditure to-
tals and time series are based primarily on data reported
by performers. This convention is preferred because
performers are in the best position to indicate how much
they spent in the actual conduct of R&D in a given year
and to identify the source of their funds. Although there
are many reasons to expect funding and performing se-
ries to differ—such as different bases used for report-
ing government obligations (fiscal year) and
performance expenditures (calendar year)—the gap be-
tween the two R&D series has widened during the past
several years. Additionally, the divergence in the series
is most pronounced in countries with relatively large
defense R&D expenditures.

For the United States, the reporting gap has become
particularly acute over the past several years. In the mid-
1980s, performer-reported Federal R&D exceeded Fed-
eral reports by $3 to $4 billion annually—>5 to 10 percent
of the government total. This pattern reversed itself to-
ward the end of the decade; in 1989 government-re-
ported R&D total exceeded performer reports by $1
billion. The gap has since grown to about $5 billion. In
other words, about 7 percent of the government total in
the late 1990s is unaccounted for in performer surveys.
(See figure 2-35.)

The difference in Federal R&D totals is primarily in
DOD development funding of industry (primarily air-
craft and missile firms). For 1997, Federal agencies re-
ported $31.4 billion in total R&D obligations provided
to industrial performers, compared with an estimated
$21.8 billion in Federal funding reported by industrial
performers. (DOD reports industry R&D funding of
$24.2 billion, whereas industry reports using $12.6 bil-
lion of DOD’s R&D funds.) Overall, industry-wide es-
timates equate to a 31 percent paper “loss” of Federally
reported R&D support. (See figure 2-35.)

To investigate causal factors for the reporting gap,
NSF—working with DOD contract-specific data—con-
ducted on-site interviews with carefully selected com-
panies that perform Federal R&D for DOD. Companies

were asked about their R&D activities, data collection
and reporting methods, and subcontracting practices.
They also were asked to volunteer information about
other factors that might influence the growing report-
ing difference. On the basis of these interviews and
supplemental data analyses, the following factors ap-
pear to contribute most to the observed data gap.
Shifts in the composition of R&D, test, and evalua-
tion (RDT&E) contracts during the past 10 years—
since the end of the Cold War—introduced numerous
changes in DOD’s budgeting choices. Between 1991
(the last year that Federal funding and performing to-
tals were relatively close) and 1998, DOD procurement
spending (in inflation-adjusted terms) fell by 50 per-
cent, whereas RDT&E spending declined by a relatively
modest 7 percent. Concurrently, the proportion of
DOD’s RDT&E funding of traditional R&D program
activities such as missile and space systems, tanks,
ships, and other weapons systems has decreased; fund-
ing of more generalized technical, analytical and pro-
fessional service contracts has increased. This trend has
been accompanied by the emergence of new, nontradi-
tional contractors (including large communication car-
riers and small high-technology firms) and firms
specializing in program support activities within the
DOD-funded R&D-performing industrial sector. Con-
sequently, an increasing share of what DOD now funds,
and therefore reports as R&D, is not necessarily per-
ceived as R&D by industry performers. Industry rep-
resentatives also mentioned significant changes in
DOD’s overall budget environment whereby RDT&E
funds are now used to update military equipment un-
der an emerging procurement management concept
called “repeated R&D,” whereby new technology is be-
ing incorporated on an ongoing basis into military sys-
tems. The effect is that RDT&E appropriations are now
funding activities that could have been considered pro-
duction 10 years ago. In short, there has been a change
in what constitutes the R&D activity that is not simi-
larly captured from Federal and industry respondents.
As a result of major changes in DOD’s efforts to
streamline its procurement environment and practices,
the use of large, flexible, multiyear, multi-agency, in-
definite order-type contract vehicles has become in-
creasingly common. These contracts, which can be used
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Figure 2-35.
Difference in U.S. performer-reported versus agency-reported Federal R&D
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NOTE: Difference is defined as the percentage of federally reported R&D.

See appendix table 2-59. Science & Engineering Indicators — 2000
by nearly every Federal agency, significantly reduce headquarters responding to national R&D surveys. This
administrative and procurement actions needed to ac- reporting problem is magnified with recent growth in
quire services and technical support from previously R&D outsourcing. In such circumstances, the subcon-
selected contractors. They also have very high fund- tracted (“routine technical service™) activity often is
ing “ceilings” that allow government agencies to or- performed by companies with only scant knowledge
der tasks as needed. These contract vehicle of the original funding source and perhaps even less
characteristics tend to hide the ultimate funding knowledge on the overall DOD R&D objective to which
source for particular activities and confuse the origi- their work is contributing.
nal “color of money” (i.e., the nature of the originat- The relative importance of these considerations in
ing appropriation accounts). The effects of these quantifying these data differences is unknown. Clearly,
procurement reforms were widespread in 1992 and however, a variety of factors affect the collection of con-
1993. sistently reported R&D data from performers and funders.
Finally, the consolidation of the defense and aero- A similar mismatching of Federal R&D to academia as
space R&D business (see figure 4-10 in NSB 1998), reported by universities and Federal agencies is now ap-
as well as other corporate mergers and acquisitions, pearing in the data series. In this instance, however, to-
has considerably complicated industries’ tracking of tals reported by universities exceed those reported by
defense-related R&D. Few firms (especially ex- Federal respondents. Indeed, other countries also have
tremely large, diversified companies) maintain difficulty tracking and matching performer and source
award-specific data on R&D contracts for their many data (see NSB 1998)—indicative of the transitional
subsidiaries. Consequently, R&D-intensive activities changes affecting the S&E enterprise globally.

of acquired firms may not be visible at corporate
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International Comparisons of
Government R&D Tax Policies

In most OECD countries, government not only provides
direct financial support for R&D activities but also uses indi-
rect mechanisms such as tax relief to promote national invest-
ment in science and technology. Indeed, tax treatment of R&D
in OECD countries is broadly similar, with some variations in
the use of R&D tax credits (OECD 1996, 1999a). The follow-
ing are the main features of the R&D tax instruments:

4 Almost all countries (including the United States) allow
industry R&D expenditures to be 100 percent deducted
from taxable income in the year they are incurred.

4 In most countries, R&D expenditures can by carried for-
ward or deducted for 3 to 10 years. (In the United States,
there is a 3-year carry-forward on R&D expenditures and
a 15-year carry-forward on R&D capital assets.)

4 About half the countries (including the United States; see
“U.S. Federal and State R&D Tax Credits”) provide some
type of additional R&D tax credit or incentive, with a trend
toward using incremental credits. A few countries also use
more targeted approaches, such as those favoring basic
research.

4 Several countries have special provisions that favor R&D
in small and medium-size enterprises. (In the United States,
credit provisions do little to help small start-up firms, but
more direct Federal R&D support is provided through
grants to small firms. See “Federal Support for Small Busi-
ness R&D.”)

4 A growing number of R&D tax incentives are being of-
fered at the subnational (provincial and state) levels, in-
cluding in the United States (see “U.S. Federal and State
R&D Tax Credits”).5?

International Public- and Private-Sector
R&D and Technology Cooperation

Particularly in light of recent advances in information and
communication technologies, international boundaries have
become considerably less important in structuring the con-
duct of R&D and the use of research collaborations. Indica-
tors of R&D globalization illustrate these R&D landscape
changes for each of the R&D-performing sectors. Growth in
international academic research collaboration is exhibited by
the substantial increase in international co-authorship trends.
(See chapter 6.) Extensive global growth in public-sector and
industrial R&D activities is detailed below.

Public-Sector Collaboration

The rapid rise in international cooperation has spawned
activities that now account more than 10 percent of govern-
ment R&D expenditures in some countries. A significant share
of these international efforts results from collaboration in

52See also Poterba (1997) for a discussion of international elements of
corporate R&D tax policies.

scientific research involving extremely large “megascience”
projects. Such developments reflect scientific and budgetary
realities: Excellent science is not the domain of any single
country, and many scientific problems involve major instru-
mentation and facility costs that appear much more afford-
able when cost-sharing arrangements are in place.
Additionally, some scientific problems are so complex and
geographically expansive that they simply require an interna-
tional effort.>® As a result of these concerns and issues, an
increasing number of S&T-related international agreements
have been forged between the U.S. government and its for-
eign counterparts during the past decade.

U.S. Government’s Use of
International S&T Agreements

International governmental collaboration in S&T and R&D
activities appears to be a growing phenomenon. There are
few sources of systematic information on government-to-gov-
ernment cooperative activities, however. A report by the U.S.
General Accounting Office (GAQO 1999) provides a snapshot
of seven Federal agencies’ international S&T agreements that
were active during FY 1997. The GAQ accounting is only for
official, formal agreements and therefore provides a lower-
bound estimate of the number of governmental global S&T
collaborations. Most international cooperation is continuous
and ongoing and takes place outside the framework of offi-
cial, formal agreements. Nonetheless, the GAO study found
that these seven agencies—DOE, NASA, NIH, NIST, the
National Oceanographic and Atmospheric Administration
(NOAA), NSF, and the Department of State—participated in
575 such agreements with 57 countries, 8 international orga-
nizations, and 10 groups of organizations or countries. Fifty-
four of these agreements were broad-based bilateral
arrangements between the U.S. government and governments
of foreign countries—commonly referred to as “umbrella”
or “framework” agreements. The remaining 521 agreements
were bilateral agreements between research agencies and their
counterparts in foreign governments and international orga-
nizations (381) or multilateral agreements (140) to conduct
international cooperative research, provide technical support,
or share data or equipment.

Generally, such agreements—which are indicative of gov-
ernment interest to cooperate internationally in R&D—have
no associated budget authority. Nor is there a system in place
to link international S&T agreements with actual spending on
cooperative R&D. According to a study by the Rand Corpora-
tion, the U.S. government spent $3.3 billion on R&D projects
involving international cooperation in FY 1995 (which may or
may not have been associated with international S&T agree-
ments) and an additional $1.5 billion on non-R&D activities
associated with international S&T agreements (Wagner 1997).

53See OECD (1993 and 1998c) Megascience Forum publications for a
concise summary of the history, concepts, and issues behind mega-projects
and megascience activities. Additionally, Georghiou (1998) provides a thor-
ough discussion on current global facilities in big science and the emer-
gence of global cooperative programs among governments.
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Among the seven agencies that GAO reviewed, DOE par-
ticipated in the largest number of official international S&T
agreements (257, or 45 percent of the 575 total). (See text
table 2-17.) This total included almost 100 multilateral agree-
ments with the International Energy Agency (IEA), which
represents the United States and 23 other countries with com-
mon scientific interests and priorities. NASA was second
among the seven agencies in terms of participation in total
international S&T agreements (127, including 15 multilat-
eral agreements with the European Space Agency).

In addition to the 140 multilateral agreements, these seven
agencies participated in bilateral S&T agreements with coun-
tries from almost every region of the world. In terms of the
sheer numbers, U.S. agencies were most active in their par-

Text table 2-17.

ticipation with Japan (78): DOE and NASA reported the larg-
est number of their bilateral S&T agreements with that coun-
try. After Japan, U.S. S&T agreements were most commonly
reported with Russia (38), China (30), and Canada (25). DOE
reported more agreements with Russia and China than did
any other agency; NASA accounted for the largest number of
agreements with Canada. The prevalence of DOE and NASA
in these and other international S&T agreements reflects the
megascience attributes associated with their missions. Of the
other five agencies in the GAO report, only NIST reported
more than five bilateral agreements with any single country
(Japan and South Korea) in FY 1997. NIST also listed five
agreements with Russia and three with Canada.

Total and bilateral international S&T agreements, by selected agency and country: FY 1997

Total Energy NASA NIH NIST NOAA NSF State

Total ..ccvveeevieeecee e 575 257 127 44 56 32 26 33

Multilateral .............c.cce...... 140 107 15 1 7 7 3 0

Bilateral® ............ccocvveeennn. 435 150 112 43 49 25 23 33

ASIA e 151 56 31 13 24 10 10 7

78 28 26 4 13 2 4 1

30 20 0 3 1 2 3 1

20 7 0 2 7 1 2 1

23 1 5 4 3 5 1 4

EUrope......cccoviieiiieeeee 150 48 37 16 11 7 13 18

RUSSIA....veveeeiieeeciieecieen 38 16 8 4 5 1 3 1

France ........cccccovvviiiiiinnnnn, 21 9 6 1 0 4 1 0

Germany ......ccccceeeeeevnenenn. 15 1 8 3 0 0 3 0

United Kingdom. ..... 11 5 3 1 0 1 1 0

Italy. ... 11 2 4 3 1 0 0 1

Other. ..o, 54 15 8 4 5 1 5 16
South & Central

AMENICA wvvvvveeeieiiiiieeeeeea, 48 22 13 2 6 1 0 4

Venezuela .........ccoceeveeennn. 15 12 0 1 1 0 0 1

Brazil ....cccccoooeveeiiiieiiinn 12 3 6 0 1 1 0 1

Argentina ..........cccoeeeieeenns 10 3 4 0 2 0 0 1

Chile ...coooiiiiieeeieiee, 8 2 3 1 1 0 0 1

3 2 0 0 1 0 0 0

34 8 14 4 4 3 0 1

25 5 14 1 3 2 0 0

9 3 0 3 1 1 0 1

24 8 11 2 1 1 0 1

16 5 9 1 0 1 0 0

8 3 2 1 1 0 0 1

15 6 2 2 2 1 0 2

9 3 2 1 1 1 0 1

6 3 0 1 1 0 0 1

13 2 4 4 1 2 0 0

8 1 4 3 0 0 0 0

5 1 0 1 1 2 0 0

NOTES: These are official international science and technology agreements only. Bilateral agreements between the Department of State and other
countries are broad government-level agreements. In some cases, they provide the formal framework for establishing bilateral agreements detailed in the
table. The GAO source report included Russia in its Asia counts; Russia is included here in the Europe totals.

a Country counts include bilateral agreements only.

SOURCE: Government Accounting Office. 1999. Federal Research: Information on International Science and Technology Agreements. GAO/RCED -

99-108. Washington, DC: GAO.
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Overall, more than 90 percent of the international S&T
agreements active in FY 1997 resulted in research projects or
other research-related activities. In cases in which this activ-
ity did not occur, funding problems that developed after the
agreements were signed or changes in research priorities gen-
erally were the reasons for their discontinuation.

International S&T collaboration can and does increasingly
take place under less formal agreements, however. Conse-
quently, these measures of formal agreements do not neces-
sarily represent the level or intensity of R&D relationships or
international collaboration between scientific communities
in various countries.>*

Private-Sector Collaboration

International R&D collaboration is on the rise in the pri-
vate sector as well—as is indicated by the rising number of
formal cooperative agreements or alliances between firms,
the growth of overseas R&D activities performed under con-
tract and through subsidiaries, and an increase in the number
of R&D laboratories located abroad (OECD 1998a). The ex-
pansion of international industrial R&D activity appears to
be a response to the same competitive factors that foster do-
mestic collaborations. Firms reach beyond their home bor-
ders as a way of addressing rising R&D costs and risks in
product development, shortened product life cycles, increas-
ing multidisciplinary complexity of technologies, and intense
competition in domestic and global markets.

International Strategic Technology Alliances

Historical Trends

Industrial firms increasingly have used global research
partnerships to strengthen their core competencies and ex-
pand into technology fields they consider critical for main-
taining market share. In these partnerships, organizations can
expand opportunities and share risks in emerging technolo-
gies and emerging markets. During the first half of the 1970s,
strategic alliances were almost nonexistent, but they expanded
rapidly late in the decade. For example, the number of newly
made partnerships in the three core technologies—informa-
tion technologies, biotechnology, and new materials—rose
from about 10 alliances created in 1970 (Hagedoorn 1996) to
about 90 in 1980. R&D-related international strategic tech-
nology alliances increased sharply throughout the industrial-
ized world in the early 1980s and accelerated as the decade
continued, reaching 580 such partnerships in 1989.5° In the
early 1990s, the annual formation of newly established alli-

54See chapter 6 for information on patterns of international co-authorship.

%SInformation in this section is drawn from an extensive database com-
piled in the Netherlands— the Maastricht Economic Research Institute on
Innovation and Technology’s (MERIT 1999) Cooperative Agreements and
Technology Indicators (CATI) database—on literally thousands of inter-firm
cooperative agreements. The CATI database collects only agreements that
contain arrangements for transferring technology or joint research. These
counts are restricted to strategic technology alliances, such as joint ventures
for which R&D or technology sharing is a major objective; research corpo-
rations; and joint R&D pacts. The historical totals reported here differ from
those reported in previous Science & Engineering Indicators. Previously,
alliances of minority holdings coupled with research contracts were included
in the totals. Here such alliances are not included in the totals.

ances at first tapered off from that reported in the 1980s and
then rapidly increased to a peak of more than 800 new alli-
ances formed in 1995. Since then, there has been a steady
decrease in the number formed, to 564 in 1998—a total that
nonetheless exceeds the number formed during any year prior
to 1989. For the entire 1980-98 period, U.S., European and
Japanese firms collectively entered into almost 9,000 strate-
gic technology alliances. Most of these alliances were formed
in the 1990s; most involved U.S. firms; and most were signed
to foster R&D partnerships in just a few high-tech areas, no-
tably information technologies and biotechnology. (See fig-
ure 2-36, text table 2-18, and appendix table 2-67.)

As the number of alliances has increased, the forms of
cooperative activity have changed as well. The most preva-
lent modes of global industrial R&D cooperation in the 1970s
were joint ventures and research corporations. In these ar-
rangements, at least two companies share equity investments
to form a separate and distinct company; profits and losses
are shared according to the equity investment.5 In the sec-
ond half of the 1980s and into the 1990s, joint nonequity R&D
agreements became the most common form of partnership.
Under such agreements, two or more companies organize joint
R&D activities to reduce costs and minimize risk while they
pursue similar innovations; participants share technologies
but have no joint equity linkages (Hagedoorn 1990, 1996).

Country Focus

Between 1990 and 1998, more than 5,100 strategic tech-
nology alliances were formed, of which 2,700 were
intraregional (that is, made between firms located within the
broad regions of Europe, Japan, or the United States) and
2,400 were interregional (between firms located in separate
regions). Of course, many of the more than 500 intra-Euro-
pean alliances are also multinational because they generally
involve firms from more than one European country (in con-
trast with the numerous intra-American and much less nu-
merous intra-Japanese firm partnerships in which all partners
have the same national ownership). For the 1990-98 period,
U.S. companies participated in 80 percent of known technol-
ogy alliances, about half of which were between two or more
U.S. firms and about half of which included a non-U.S. com-
pany. European companies participated in 42 percent and Japa-
nese companies in 15 percent of the 5,100 alliances formed
in the 1990s. (See text table 2-18).

Consistent with overseas R&D funding trends (detailed
below), just a handful of European firms account for most of
that region’s alliances. Of the 4,700 European alliances re-

CATl is a literature-based database: Its key sources are newspapers, jour-
nal articles, books, and specialized journals that report on business events.
Its main limitations are that data are limited to activities publicized by the
firm, agreements involving small firms and certain technology fields are
likely to be underrepresented, reports in the popular press are likely to be
incomplete, and it probably reflects a bias because it draws primarily from
English-language materials. CATI information should therefore be viewed
as indicative and not comprehensive.

56Joint ventures are companies that have shared R&D as a specific com-
pany objective, in addition to production, marketing, and sales. Research
corporations are joint R&D ventures with distinctive research programs.
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Figure 2-36.

New international strategic technology alliances, by technology
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NOTE: Includes alliances of firms located both within broad regions and across broad regions.

See appendix table 2-67.

ported during the entire 1980-98 period (a figure that includes
double-counting of partnerships with two or more European
firms), the most active participants were British firms (1,036
alliances), German firms (994), French firms (715) and Dutch
firms (680). More than 100 alliances were also formed by
companies with Italian (338), Swiss (267), Swedish (278),
and Belgian (119) ownership. Additionally, a substantial num-
ber of the international technology partnerships involved firms
located outside of these major regions. During the entire 1980-
98 period, Canadian firms entered into 198 strategic technol-
ogy alliances (mostly with U.S. companies), South Korean
firms joined 119, Russian (and other former Soviet Union)
firms joined 90,57 Chinese firms joined 86, Australian firms
joined 63, Israeli firms joined 51, and Taiwanese firms joined
48.

Technology Focus

Most intraregional and interregional alliances have been
between firms sharing research and technology development
in information technologies (IT) and biotechnology. These
two technologies alone account for two-thirds of all alliances
formed since 1990. The only other technologies for which
firms consistently have entered into a substantial number of
partnerships relate to advanced materials and non-biotech-
nology-based chemicals. (See appendix table 2-67.) Forty-
four percent of the technology alliances formed worldwide
since 1990 dealt with information technologies such as com-
puter software and hardware, telecommunications, industrial
automation, and microelectronics. Of the roughly 2,300 IT
alliances formed during this period, most have been between
U.S. companies (50 percent) or between European and U.S.

57See Hagedoorn and Sedaitis (1998) for summary data on international
strategic technology alliances between Western companies and Russian com-
panies.
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firms (19 percent). Among the 1,100 strategic biotechnology
alliances, the regional distribution has been more diverse, al-
though U.S.-U.S. and U.S.-European interregional partner-
ships are more prevalent than any other (each type accounting
for more than one-third of the biotechnology total). Consis-
tent with R&D funding trends and indicative of known core
strengths, U.S.-Japanese collaborations are more common in
IT activities than in biotechnology.

International Industrial
R&D Investment Growth

Stiff international competition in research-intensive, high-
technology products and market opportunities have compelled
firms throughout the world to expand their overseas research
activities. Foreign sources account for a growing share of do-
mestic R&D investment totals in many countries. (See figure
2-32.) Many firms have R&D sites in countries outside their
home base. Although the data are somewhat scant, the share
of R&D performed by foreign affiliates appears to have risen
perceptibly throughout the OECD during the past two decades
(OECD 1998a). Currently, the share of R&D performed by
foreign affiliates accounts on average for 14 percent of the
industrial R&D performed in OECD countries. This share
varies considerably among hosting countries, however—from
a low of 1 percent in Japan to a high of 68 percent in Ireland
(OECD 1999d).

Although many factors contribute to a business decision to
locate R&D capabilities outside a firm’s home country, the basic
drivers fall into demand-side and supply-side considerations.

Multinational firms seek a foreign R&D presence to sup-
port their overseas manufacturing facilities or to adapt stan-
dard products to the demand there. R&D facilities are
established to customize existing products or to develop new
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Text table 2-18.
Strategic Technology Alliances, by region: 1980-98

Total Information All other
alliances technology Biotechnology technologies
1980-1989 alliances
TOtal .o 3,826 1,396 729 1,701
USA-Europe .... 809 296 152 361
USA-Japan...... 550 209 93 248
USA-Others .......cooeevieeiiieiiiiieeiiee 178 44 23 111
Europe-Japan ........ccccccceeveeeiiiinnnnnn. 237 84 24 129
Europe-Others .... 188 55 15 118
Japan-Others ...... 53 8 8 37
Intra-USA ........ 908 400 247 261
INtra-EUrope .....ccoovevvviveeeieeeiiiiiiieeens 670 242 125 303
INtra-Japan ........ccoocueveeeeeeeieiiiiiieenenn 233 58 42 133
Percent of 1980-1989 totals
TOtal ..o 100.0 100.0 100.0 100.0
USA-EUMOPE ....eeevieeieeiiieaiie e 21.1 21.2 20.9 21.2
USA-Japan 14.4 15.0 12.8 14.6
USA-Others ......cccceviiiieniiiiciiee 4.7 3.2 3.2 6.5
Europe-Japan .........ccccceeeeeiiiiiineeennn. 6.2 6.0 3.3 7.6
Europe-Others .......ccccceeviiveciieeins 4.9 3.9 2.1 6.9
Japan-Others ........cccccovvcveeevciieeccinnn. 1.4 0.6 1.1 2.2
Intra-USA 23.7 28.7 33.9 15.3
INtra-EUrope .......cocoevvvvveeneeeiiiinneenn. 17.5 17.3 17.1 17.8
INtra-Japan ........ccoccvveeeeeeeeniiiieeneeennn 6.1 4.2 5.8 7.8
1990-1998 alliances
TOtal .o 5,132 2,267 1,123 1,742
USA-EUIOPE ..oevveeeieeiiiiiieeee e 1,284 434 403 447
USA-Japan...... 437 259 66 112
USA-Others..... 254 113 44 97
Europe-Japan 195 75 32 88
Europe-Others 174 50 33 91
Japan-Others ........cccceevvveciieeccnen. 40 22 5 13
Intra-USA ........ 2,150 1,140 436 574
Intra-Europe ... 521 142 100 279
INtra-Japan .......cccoocvveeeeeeeieiiiiieennn. 77 32 4 41
Percent of 1990-1998 totals

TOtal .o 100.0 100.0 100.0 100.0
USA-Europe .... 25.0 19.1 35.9 25.7
USA-Japan ....ccccoovvivvieieeeieiiiiieeeeenn 8.5 11.4 5.9 6.4
USA-Others ......ccooeviiieiieiieeiieiiee 4.9 5.0 3.9 5.6
Europe-Japan 3.8 3.3 2.8 5.1
Europe-Others .......ccccceeviiveeiieeins 3.4 2.2 2.9 5.2
Japan-Others .........ccccoeeiiiiiienniinn. 0.8 1.0 0.4 0.7
INtra-USA .....ccooiiiiiiiiiieceeee 41.9 50.3 38.8 33.0
INtra-EUrope .......ccooevvvvveeeeeeeiiiiieennnn. 10.2 6.3 8.9 16.0
INtra-Japan ..........occcvveeeeeeeeiiiiieeeeeennn 1.5 1.4 0.4 2.4

See appendix table 2-67.

products for the local market. Additionally, such facilities may
provide technical service support to local manufacturing ac-
tivities as their primary purpose. In some situations, how-
ever, the location of R&D facilities is the price of entry to the
local market. These arrangements constitute a home-base
exploiting site, where information tends to flow to the for-
eign laboratory from the central home laboratory.
Conversely—and more commonly of late—the foreign site
is established to tap knowledge and skilled labor from com-

Science & Engineering Indicators — 2000

petitors and universities around the globe, including the di-
rect employment of local talents; to participate in joint re-
search ventures and cooperative agreements; and to passively
monitor technological development abroad. These facilities
have the characteristics of a home-base augmenting site, where
information tends to flow from the foreign laboratory to the
central home laboratory. Generally, however, there is little evi-
dence to suggest that firms go abroad to compensate for their
R&D weaknesses at home. Rather, they locate in foreign cen-
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ters of excellence to supplement their existing core strengths
(Patel and Vega 1999).

According to a study of 238 foreign R&D sites, 45 per-
cent of the labs were home-base augmenting and 55 percent
were home-base exploiting (Kuemmerle 1997).58

U.S. and Foreign Industrial
R&D Expenditure Balance

U.S. companies’ R&D investments abroad are roughly
equivalent to R&D expenditures in the United States by ma-
jority-owned U.S. affiliates of foreign companies.>® In 1996
(the latest year for which complete data from the Bureau of
Economic Analysis [BEA] are available at this writing), indus-
trial R&D flows into the United States totaled $15.0 billion,
compared with $14.2 billion in R&D expenditures by U.S. mul-
tinational firms in other countries. (See figure 2-37.) This ap-

%8The terms “home-base exploiting” and “home-base augmenting” are
taken directly from Kuemmerle (1997). Others, however (e.g., Mowery 1998b
and Dalton, Serapio, and Yoshida 1999), have made similar observations on
the reasons for expanding global R&D arrangements. Furthermore, Mowery
notes that the use of international R&D strategies to establish networks for
the creation and strengthening of firm-specific technological capabilities
(i.e., home-base augmenting) is likely to become more important than mar-
ket exploitation-driven activities in the future.

%9These overseas R&D data are from the BEA survey on U.S. Direct In-
vestment Abroad. The definition used by BEA for R&D expenditures is from
the Financial Accounting Standards Board Statement No. 2; these expendi-
tures include all charges for R&D performed for the benefit of the affiliate
by the affiliate itself and by others on contract. BEA detail is available for
1982 and annually since 1989. Data on foreign sources of industrial R&D
performed in the United States come from an annual survey of Foreign Di-
rect Investment in the United States, also conducted by BEA. BEA reports
that foreign R&D totals are comparable with U.S. R&D business data pub-
lished by NSF. Industry-specific comparisons, however, are limited because
of differences in the industry classifications used by the two surveys (Quijano
1990).

Figure 2-37.
Globalization of U.S. industrial R&D
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See appendix tables 2-69 and 2-71.
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proximate balance in R&D investment flows has persisted since
(at least) 1989, when the majority-owned data first became
available on an annual basis. In 1989, however, U.S. compa-
nies conducted a greater amount of R&D abroad than was in-
vested in the United States by foreign firms. The reverse now
appears to be true: More industrial R&D money is flowing
into the United States than U.S. firms are performing abroad.
Whatever the exact “balance” in any given year, however, higher
levels of U.S. R&D investment in foreign economies and non-
U.S. R&D investment within the U.S. domestic economy clearly
are becoming the norm (Mowery 1998a).

Europe is the primary source and the main location of per-
formance of these U.S.-foreign industrial R&D flows. (See
figure 2-38.) European firms invested $11.2 billion of R&D
money in the United States in 1996; the Asian (excluding the
Middle East) and Pacific region provided the second largest
source of foreign R&D funds ($1.9 billion). Similarly, for-
eign affiliates of U.S. companies performed $9.7 billion of
R&D in Europe and $2.1 billion in Asia and the Pacific re-
gion.%® Industrial R&D investments between Canada and the
United States are in the $1.5 billion range. U.S. industry’s
R&D flows remain relatively small (less than $1 billion) into
and out of Latin America and the Middle East and are negli-
gible with Africa.

Trends in U.S.
Industry’s Overseas R&D

From 1985 through 1996, U.S. firms generally increased
their annual funding of R&D performed outside the country
more than their funding of R&D performed in the United
States. (See appendix table 2-68.) Indeed, during this period
U.S. firms’ investment in overseas R&D increased 2.8 times
faster than did company-funded R&D performed domesti-
cally (9.7 percent versus 3.4 percent inflation-adjusted aver-
age annual growth). Overseas R&D funding accounted for
about 6.0 percent of U.S. industry’s total (domestic plus over-
seas) R&D funding in 1985; in 1996 overseas R&D accounted
for 10.4 percent of U.S. industry’s total R&D. In 1997, how-
ever, strong growth in U.S. companies’ domestic R&D financ-
ing (up 10 percent), coupled with a 7 percent decline in

80 Analyses of the BEA data on overseas R&D activities of U.S. affiliates
have become complicated as a result of a change in survey collection. Prior
to the 1994 survey, BEA collected expenditure data on R&D funding by U.S.
overseas affiliates regardless of whether the R&D was performed by the
affiliate of by others. It excluded R&D conducted by the affiliate under con-
tract for others. Beginning with the 1995 survey, U.S. affiliates were asked
to report their R&D performance irrespective of the funding sources (i.e.,
they report R&D conducted in their own labs, including R&D funded by the
affiliate itself and by others under contracts). R&D funded by the U.S. affili-
ate but conducted by other organizations are excluded. Consequently, the
more recent BEA figures represent R&D performance of U.S. firms’ foreign
affiliates and not the foreign R&D funding made by U.S. firms.
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Figure 2-38.

Industrial R&D of U.S. and foreign affiliates, by world region: 1996

Billions of dollars

$1.9

See appendix tables 2-69 and 2-71.

industry’ overseas R&D spending, reduced the overseas share
to 8.9 percent of U.S. companies’ funding total 5

Additionally, according to BEA data, the majority-owned
(that is, 50 percent or more) foreign-affiliate share of U.S.
multinational companies’ worldwide R&D expenditures in-
creased from 9 percent in 1982 to 13 percent in 1990, where
it remained through 1994 (Mataloni and Fahim-Nader 1996).
According to preliminary data for 1996, the foreign-affiliate
share of U.S. multinationals’ total R&D funding rose to 14
percent (Mataloni 1998).

Sector Focus of Overseas R&D Activity

R&D investment by U.S. companies and their foreign sub-
sidiaries in the chemicals (including pharmaceuticals and in-
dustrial chemicals) industry accounts for the largest share and
greatest growth of foreign-based R&D activity. (See figure
2-39.) Indeed, drug companies accounted for 18 percent of
total 1997 overseas R&D ($2.4 billion of the $13.1 billion
total)—equivalent to 21 percent of the pharmaceutical
industry’s domestically financed R&D. Part of this growth
undoubtedly is a function of the worldwide pattern of col-

61These overseas R&D shares are taken from the NSF industrial R&D
data series, not the BEA Direct Investment Abroad series used in the “U.S.
and Foreign Industrial R&D Expenditure Balance” discussion. However, BEA
data on the country destination of the U.S. overseas R&D investment are
more complete than the NSF series and therefore are used to describe coun-
try patterns. NSF reports 1996 and 1997 overseas R&D totals of $14.1 bil-
lion and $13.1 billion, respectively; BEA estimates 1996 overseas R&D
performance by foreign affiliates of U.S. companies (including both for the
affiliate and for others) at $14.2 billion.
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laboration between integrated global pharmaceutical firms
and emerging biotechnology companies in the U.S. and Eu-
rope—most notably the United Kingdom (Council on Com-
petitiveness 1998). (See appendix table 2-68.)

Similarly, firms in the industrial and other chemicals indus-
try spent an amount overseas ($1.5 billion) equivalent to 21
percent of their onshore R&D investment. Demand and supply
factors alike seem to be driving this internationalization. R&D
is performed overseas so that global firms are better able to
customize their products to meet the needs of local customers
and to ensure market access. Furthermore, chemicals R&D
performance is becoming global because different regions of
the world are becoming technologically specialized—Germany,
for example, in fundamental research in organic synthesis and
Japan in electronic chemicals (Arora and Gambardella 1999).
Of other major R&D-performing manufacturers, recent trends
show the overseas R&D investment share of total R&D financ-
ing rising considerably for scientific instruments ($1.2 billion
in 1997, equivalent to 13 percent of the domestic total) and
machinery equipment ($1.8 billion in 1997, equivalent to 10
percent of the domestic total).

Growth in overseas R&D investments is not limited to sec-
tors with strong historical experience in overseas production
activity. The combined total for all nonmanufacturing indus-
tries indicates substantial increases in foreign R&D activity
since 1985—rising from 0.4 percent of domestic R&D fund-
ing that year to 8.6 percent in 1996. Part of this growth re-
flects increased international R&D financing by firms
historically classified as nonmanufacturing industries
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Figure 2-39.
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See appendix table 2-68.

(particularly computer, data processing, and architectural ser-
vices). Part of the increase reflects the movement of firms
previously classified as manufacturers (e.g., office comput-
ing companies) to service sector industries (e.g., software de-
velopment). This observation is borne out by the reduction in
nonmanufacturers’ overseas R&D in 1997 ($1.4 billion, down
from $2.5 billion in 1996). Most of this decline reflects firms’
shifting industry classifications within IT-related industries
rather than an actual drop in industrial funding activity. None-
theless, overseas R&D investments in information technolo-
gies remain substantial. One factor driving such globalization
is that foreign labor markets provide U.S. companies with an
ample supply of qualified (and sometimes less-expensive)
science and engineering personnel—as indicated by robust
IT investments in English-speaking India, Ireland, and
Canada.5? (See chapter 3 on the Science and Engineering
Workforce and chapter 9 on the Significance of Information
Technologies.)

Country Location of
U.S. Overseas R&D Activity
As BEA data on majority-owned foreign affiliates of non-

bank U.S. multinational companies indicate, most of the U.S.
1996 overseas R&D was performed in Europe—primarily

52For an informative discussion on the internationalization of R&D in
Canada, see Anderson and Gault (1999). The information and communica-
tions sector now appears to account for 69 percent of the total foreign R&D
funding provided Canada’s industrial sector.
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Germany (22 percent of the U.S. overseas total), the United
Kingdom (15 percent), and France (9 percent). (See figure
2-40 and appendix table 2-69.) Collectively, however, the cur-
rent 68 percent European share of the U.S. total R&D invest-
ment abroad is less than the 75 percent share reported for
1982. Since the early 1980s, U.S. R&D investments abroad
have generally shifted from the larger European countries and
Canada toward Japan, several of the smaller European coun-
tries (notably Sweden and the Netherlands), Australia, and
Brazil.

As indicated by affiliate industry classifications, U.S. R&D
investments abroad are concentrated in specific geographic
locations. Almost half of the offshore automotive R&D in
1996 was spent in Germany; spending by transportation equip-
ment companies accounted for almost two-thirds of all U.S.
affiliate R&D activity in Germany. In the United Kingdom,
France, Japan, and Italy, the chemicals industry accounted
for the largest share of each country’s respective R&D totals;
collectively these four countries accounted for 54 percent of
all U.S. affiliates” chemicals-related R&D. Electrical equip-
ment firms accounted for most of the U.S. affiliates’ R&D
performance in the Netherlands; except for Germany, no other
country accounted for more of the U.S. affiliates’ electrical
equipment R&D than did this relatively small country. (See
text table 2-19.) These industry R&D emphases reflect the
general industrial strengths of the various countries.

After Germany ($3.1 billion) and the United Kingdom
($2.1 billion), Canada is the next-largest site of U.S. overseas
R&D performance. Almost $1.6 billion was spent in major-



2-62 ¢ Chapter 2. U.S. and International Research and Development: Funds and Alliances

Figure 2-40.
U.S. R&D performed abroad
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Text table 2-19.
R&D performed overseas by majority-owned foreign affiliates of U.S. parent companies, by selected country
and industry of affiliate: 1996 (millions of U.S. dollars)

Manufacturing

All Electrical Transportation Nonmanu-
Country industries Total Chemicals Machinery equipment equipment facturing
Total oo 14,181 12,358 3,700 1,063 1,258 4,252 1,823
Canada........cccoeevveeiieiiieiens 1,582 1,457 302 28 97 D 125
EUrOPE ..o 9,651 8,625 2,715 746 749 2,894 1,026
Belgium .......ccooovviiiiiiien, 369 299 197 B B 33 70
France ........ccoccovieiiiiiennnnn. 1,326 1,169 658 85 47 90 157
Germany 3,061 2,916 279 234 209 1,939 145
Italy .......... 553 D 267 59 54 57 D
Netherlands .. 545 382 101 9 149 17 163
SPAIN ..o 317 298 75 5 34 D 19
Sweden ......cceveeiiieiiiiee 439 404 D 22 9 * 85
Switzerland .........cccocoeevienne 189 134 29 D D - 55
United Kingdom ................... 2,133 1,860 682 262 69 D 273
Rest of Europe ........ccceeeuee. 719 D 427 67 D D D
Asia and PacifiC ...........cccoc.... 2,073 1,582 552 262 220 D 491
Australia 409 318 85 D 1 D 91
Japan .......cccccoeeeeenne. 1,337 1,002 405 184 132 2 335
Rest of Asia/Pacific .............. 327 262 62 D 87 D 65
Western hemisphere .............. 687 647 106 15 189 276 40
Brazil ........ccooeevoveiiniiiiien, 489 482 61 10 D D 7
MEXICO ...oovvvviiieiiiciiciieee 119 100 17 5 D D 19
Middle East (Israel)................. 166 28 13 10 3 0 138
AFTICA o 21 19 12 3 * 0 2

D = withheld to avoid disclosing operations of individual companies; * = less than $500,000

NOTES: Includes direct investments of majority-owned nonbank foreign affiliates of U.S. parents. Includes R&D expenditures conducted by the foreign
affiliates for itself or for others under a contract.

SOURCE: U.S. Bureau of Economic Analysis, U.S Direct Investment Abroad (Washington, DC: BEA, 1998)
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ity-owned Canadian affiliates of U.S. firms. These consider-
able R&D investments are consistent with the overall facts
that these two countries are one another’s most important trade
partners and that the level of U.S. investment in Canada is
among the highest anywhere in the world. Unfortunately, dis-
closure restrictions to protect the confidentiality of specific
firms’ underlying R&D expenditures limit the amount of pub-
lishable data about the industries in which this considerable
U.S. investment is being made.

Industry-wide, nonmanufacturing industries (including
business services, with $0.9 billion) now account for 13 per-
cent ($1.8 billion) of U.S. overseas R&D performance. Of
this amount, majority-owned Japanese affiliates of U.S. mul-
tinational firms accounted for the largest single country share.
(See text table 2-19.)

U.S. Industry’s Overseas R&D Facilities

The U.S. Department of Commerce recently compiled data
on R&D facilities located abroad (Dalton, Serapio, and
Yoshida 1999). Although the information is based largely on
secondary sources and is at best a sample of such activities, it
nonetheless is illustrative of patterns in the establishment of
U.S. R&D facilities overseas. There were 186 known foreign
R&D facilities owned by 85 U.S. companies in 22 countries
in 1997.

The list of U.S. facilities by country is similar to the list of
countries in which U.S. firms spend the largest amounts of
R&D investments abroad. Japan leads all countries as the site
of U.S. R&D facilities (43), followed by the United King-
dom, Canada, France and Germany. As with foreign-owned
facilities located in the United States (see “U.S. Research Fa-
cilities of Foreign Firms™), the largest number of U.S.-owned
foreign facilities support the automaotive (32 facilities), drugs

Text table 2-20.
U.S. R&D facilities abroad: 1997

and biotechnology (28), computers (25), and chemicals and
rubber (23) industries. Although the data are not conclusive,
U.S. firms have chosen to locate facilities in Japan to serve a
variety of chemicals, drugs, automotive, and computer R&D
needs. (See text table 2-20.)

The mix of industries represented by facility sites in ma-
jor host countries is quite diverse.®® For example, in the auto-
motive and drug/biotechnology industries, U.S. firms own
three or more facilities in five or more countries. Addition-
ally, several emerging countries have been chosen as impor-
tant locations for U.S. firms’ R&D facilities. The most notable
examples are Singapore (which now hosts 13 U.S.-owned fa-
cilities), Taiwan, and India—each of which has attracted rela-
tively high levels of foreign R&D and created high-technology
centers in their countries. Although China and Russia have
been mentioned as potential future sites for U.S. R&D invest-
ments, protection of intellectual property remains a major
concern that may limit such growth.

Motives for establishing overseas R&D facilities are
manifold and differ among industries; technology or sup-
ply-oriented reasons have increasingly influenced the deci-
sion of U.S. firms to locate R&D abroad (a home-base
augmenting strategy). This trend is particularly true for elec-
tronics and computer software. Even when companies ini-
tially invested abroad for the purpose of assisting their
manufacturing/sales/service facilities in a local market (a
home-base exploiting strategy), they increasingly are posi-
tioning these R&D facilities as regional R&D bases (Dalton,
Serapio, and Yoshida 1999).

83The figures in text table 2-20 represent only counts of facilities, how-
ever. The facilities themselves differ considerably in terms of dollars spent
and scientists and engineers employed. More detailed information about the
individual sites would permit a clearer determination of industry clustering
and decentralization.

Industry Japan United Kingdom Canada France Germany Others
TOTAl .o 43 27 26 16 15 55
AULOMOTIVE ... 6 4 4 4 5 9
COMPULETS ... 7 5 0 1 2 10
SOFIWANE ... 4 1 1 0 0 6
SeMICONAUCTONS .....cuveeiieiiie e 4 1 0 1 0 6
Opto-electronics, telecom ..........cccoccceeeviieenne 2 0 2 2 1 6
Other electroniCs .........occveeiieiiiiiiiesieciee e 3 2 2 1 1 2
Drugs, biotechnology ..........cccccovveiiiieeiiieeens 8 5 4 3 3 5
Chemicals, rubber..........cccocooeiiiieiiiiicceeene 9 1 2 2 2 7
Other transportation equip ........ccceeveveeeiiuneeenns 0 0 3 0 0 0
Metals, petroleum refining ........cccccceveeieeeinns 0 2 6 0 0 6
Instrumentation, medical devices ................... 0 5 3 0 0 2
Food, consumer goods, MiSC ........c.ccccevveeennes 1 3 4 2 0 5

NOTE: “Other countries” include 13 facilities in Singapore, 11 in China, and 8 in Belgium. These data are derived from secondary sources and are
therefore a sample of the total (unknown) number of R&D facilities. The industry-specific detail may double-count some facilities because of the multiple
focus of research performed. Not all industry categories are listed. The country totals do not include double-counting.

SOURCE: U.S. Department of Commerce, Globalizing Industrial Research and Development, by D. H. Dalton and M. G. Serapio, and P.G. Yoshida.

Washington, DC, 1999.
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Foreign R&D in the United States

Like U.S. firms’ overseas R&D funding trends, R&D ac-
tivity by foreign-owned companies in the United States has
increased significantly since the mid-1980s. From 1987 to
1996, inflation-adjusted R&D growth from foreign firms (U.S.
affiliates with a foreign parent that owns 50 percent or more
of the voting equity) averaged 10.9 percent per year. (See
appendix table 2-71).%* This growth contrasts favorably with
the 3.9 percent average annual rate of real increase in U.S.
firms’ domestic R&D funding. It also is almost six times the
1.3 percent 1987-96 growth rate of total domestic industrial
R&D performance (including activities funded by foreign
firms and the Federal Government). As a result of these fund-
ing trends, foreign R&D was equivalent to 10.4 percent ($15
billion) of total industrial R&D performance in the United
States in 1996. This share is more than double that of its
equivalent 4.9 percent share in 1987 but slightly lower than
the calculated 1995 estimate (11.2 percent). Majority-owned
affiliates accounted for a 3.4 percent share of the U.S. 1980
industrial performance total. (See figure 2-41.)

Country Sources of Industrial R&D

Most R&D financed by foreign affiliates in the United
States comes from firms whose parents are located in just
three countries: Germany, Switzerland, and the United King-
dom. Indeed, 81 percent of foreign R&D funding in 1996
came from just six countries—those three countries, plus
France, Japan, and Canada. (See figure 2-42.) With the ex-
ception of Switzerland, these six countries are the same as
those that receive the largest shares of U.S. overseas R&D
investments. (Italy replaces Switzerland in that listing). Thus,
the globalization of R&D is characterized by significant two-
way flows of cross-border activities.

Looking beyond these major R&D country centers, how-
ever, the geographic pattern of R&D flows into the United
States differs from the trends for U.S. R&D spending abroad.
Whereas countries other than G-7 countries (and Switzerland)
have become increasingly important as destinations for U.S.
funding, they are becoming relatively less important in terms
of foreign R&D investments here. For example, in 1980, firms
from the six countries listed above accounted for a 69 percent
share of the foreign R&D flows into the United States—a
considerably smaller share than they currently account for.
By contrast, those six countries accounted for 76 percent of

84Although BEA considers all of an investment (including R&D) to be
foreign if 10 percent or more of the investing U.S.-incorporated firm is for-
eign-owned, special tabulations were prepared by BEA to reveal R&D ex-
penditures in the United States of firms in which there is majority foreign
ownership (i.e., 50 percent or more). For 1996, the 10 percent foreign own-
ership threshold results in an estimated $17.2 billion foreign R&D invest-
ment total. (See appendix table 2-70.) R&D expenditures of majority-owned
U.S. affiliates of foreign companies were $15.0 billion. (See appendix table
2-71.) Tabulations for the majority-owned firms’ R&D financing are used
for most of the analyses here; the sole exception is the use of foreign R&D
data at the 10 percent threshold for review of country-specific funding pat-
terns for individual industrial sectors. (See text table 2-21.) Such data for
majority-owned affiliates are not available.

Figure 2-41.
U.S. industrial R&D financed by majority-owned
foreign firms
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NOTE: Data are available for 1980, and for 1987 and later years.
See appendix tables 2-3 and 2-71.

Science & Engineering Indicators — 2000

Figure 2-42.
U.S. industrial R&D financed by majority-owned
foreign firms
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U.S. overseas R&D in 1982 but only 68 percent in 1996. At
least part of the increase in R&D flows from Canada and
other European countries over the past 15 years is attribut-
able to several major acquisitions of U.S. firms by foreign
multinational companies. Such acquisitions have been par-
ticularly instrumental in changing the foreign composition
shares of U.S. pharmaceutical and biotechnology firms with
large R&D budgets (Dalton, Serapio, and Yoshida 1999;
Fahim-Nader and Zeile 1998).

Industry Focus of Foreign R&D

Foreign-funded research was concentrated in three indus-
tries in 1996: drugs and medicines (mostly from Swiss, Ger-
man, and British firms), industrial chemicals (funded
predominantly by German and Dutch firms), and electrical
equipment (one-third of which came from French affiliates).®
These three industries accounted for more than half of the
$17.2 billion total 1996 foreign R&D investment by affili-
ates in which there was at least 10 percent foreign ownership.
Concurrent with gains reported for all domestic U.S. R&D
performance, foreign—particularly Japanese and Swiss—
R&D investment in the service sector was also significant.

%Totals are for R&D expenditures for U.S. affiliates of firms in which
there is 10 percent or more foreign ownership. (See previous footnote.)

Text table 2-21.

Services accounted for 6 percent ($966 million) of the 1996
foreign R&D investment total, with most research being
funded by computer and data processing firms and compa-
nies providing research and management services. (See text
table 2-21.)

U.S. Research Facilities of Foreign Firms

Consistent with the worldwide trend of multinational firms
establishing an R&D presence in multiple countries, consid-
erable growth has occurred in the number of R&D facilities
operated by foreign companies in the United States. Accord-
ing to a 1992 survey of 255 foreign-owned freestanding R&D
facilities in the United States, about half were established
during the previous six years (Dalton and Serapio 1993); these
data count only R&D facilities that are 50 percent or more
owned by a foreign parent company.®® An update to this study
found that in 1998 there were 715 U.S. R&D facilities run by
375 foreign-owned companies from 24 different countries
(Dalton and Serapio 1999). R&D facilities owned by Japa-
nese firms continue to far outnumber those of any other coun-

8An R&D facility typically operates under its own budget and is located
in a free-standing structure outside of and separate from the parent’s other
U.S. facilities (e.g., sales and manufacturing). This definition of an R&D
facility consequently excludes R&D departments or sections within U.S. af-
filiates of foreign-owned companies.

R&D performed in the U.S. funded by affiliates of foreign companies, by selected country

and industry of affiliate: 1996
(Millions of U.S. dollars)

Manufacturing

Other non-

All Drugs & Other Electrical Transporta- Service manufacturing

Country industries Total medicines chemicals Machinery equipment tion equip. Instruments industries® industries®
Total ..o, 17,150 13,807 5,849 1,517 935 2,954 454 720 966 2,377
Canada........cc.ceeuue. 1,397 1,228 1 20 D D 11 11 21 148
Europe.......ccccveveenne 12,516 11,007 5,754 1,413 532 1,581 360 520 607 902
France .......cc.ccoeee. 1,712 1,641 474 144 97 487 42 90 32 39
Germany ............... 3,084 2,767 1,343 478 [ 592 ] 196 56 52 265
Netherlands........... 948 743 1 375 1 D D 1 8 197
Switzerland ........... 3,375 2,985 2,575 55 [ 188 ] - 64 366 24
United Kingdom .... 2,525 2,273 [ 1528 ] 102 97 90 219 121 131
1,159 [ 149 ] [ 558 ] 80 45 355 1,078
1,001 72 55 204 242 77 37 337 732
Western Hemisphere 386 182 0 * 1 7 2 136 3 201
Middle East ............. 121 106 D D 73 D 0 8 10 5
Africa ..ccovvecei 81 70 0 5 D D 0 0 * 11

D = withheld to avoid disclosing operations of individual companies * = less than $500,000 [] = indicates where categories have been combined.

NOTES: Includes foreign direct investments only of nonbank U.S. affiliates in which the affiliate has a 10-percent-or-more ownership interest. Includes
R&D expenditures conducted by and for the foreign affiliates. Excludes expenditures for R&D conducted by the affiliates for others under a contract.

ancludes computer and data processing services ($642 million) and accounting, research and management services ($306 million).

bIncludes wholesale trade ($1,735 million), retail trade ($32 million), petroleum ($436 million) and other industries ($174 million).

SOURCE: U.S. Bureau of Economic Analysis, Foreign Direct Investment in the United States: Operations of U.S. Affiliates of Foreign Companies

Preliminary 1996 Estimates (Washington, DC: July 1998)
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tries: Japanese companies owned 251 R&D facilities in the
United States, German companies owned 107, British com-
panies owned 103, and French and Swiss companies each
owned more than 40. (See text table 2-22.) South Korean com-
panies have a rapidly growing presence in the United States,
with 32 R&D facilities here in 1998—6 more than in 1994
and about 20 more than in 1992.

The activities of these foreign facilities were concentrated
in a relatively small number of industries. In 1998 there were
more than twice as many foreign-owned research sites for
drugs and biotechnology (116 facilities) and chemicals and rub-
ber (115 facilities) as for any other industry. Other industries for
which there were more than 50 foreign-owned facilities in the
United States included computers and computer software, high-
definition television and other electronics, instruments and medi-
cal devices, and automotive products. Japanese companies
account for most of the R&D centers in the electronics and auto-
motive industries, whereas European companies have far more
R&D sites focusing on pharmaceuticals and chemicals. A ma-
jority of the South Korean-owned facilities were devoted to re-
search on computers and semiconductors.

Foreign R&D facilities were located in 39 states but were
heavily concentrated in certain areas of the country. California
ranks first with 188 foreign R&D facilities—notably around

Text table 2-22.

Silicon Valley and greater Los Angeles—but other prime loca-
tions for such sites include Detroit; Boston; Princeton, New
Jersey; and North Carolina’s Research Triangle Park. Accord-
ing to Dalton, Serapio, and Yoshida (1999), Japanese compa-
nies initially established R&D laboratories in California but
recently have been moving east. Conversely, European compa-
nies began on the East Coast and are moving west.

Foreign companies have invested in U.S.-based R&D fa-
cilities for a variety of reasons. For example, growth in foreign
automotive R&D centers on assisting the parent company in
meeting U.S. environmental regulations and customer needs (a
home-base exploiting strategy). Japanese companies in particu-
lar have expanded the scope of their R&D activities in the U.S.
in line with their expansion of auto production here. Major
factors behind the growth in foreign-owned biotechnology R&D
facilities (much of which has resulted from the acquisition of
U.S. firms) include the favorable research environment in the
U.S. (especially relative to the situation in countries that are
less hospitable to genetics-based R&D) and the availability of
trained scientists to do the research (a home-base augmenting
strategy). Much of the foundation for the U.S. competitive ad-
vantage in health care and life science research was laid by
decades of substantial public R&D investments.

Foreign-owned R&D facilities in the United States, by selected industry and country: 1998

United South
Industry Japan Kingdom Germany France Switzerland Korea Netherlands Canada  Others
Total ..o 251 103 107 44 42 32 30 32 74
COMPULETS ..evveiieeeiiiiiiieee e 24 0 2 2 0 6 2 1 5
SOftWare .......vvveeeeeieiiiieee e 35 8 3 0 0 1 2 3 1
Semiconductors......... 18 0 2 0 0 10 2 0 0
Telecommunications .. 16 3 4 2 1 1 0 3 4
Opto-electronics .............. 10 3 2 0 0 0 0 0 5
HDTYV, other electronics ... 33 9 5 3 5 5 1 1 3
Drugs, biotechnology....... 26 15 26 7 15 2 5 0 20
Chemicals, rubber.............cccccvvveenen. 25 18 27 14 7 1 6 7 9
MetalS ....ovvveeeeeeiiiieeiee e 8 5 2 4 1 0 0 2 4
Automotive ... 31 0 8 2 0 4 2 5 2
Machinery ........cccoooieiiiiieeiiieeee 5 6 3 4 2 0 0 3 6
Instrumentation, medical devices ....... 6 19 7 3 6 0 3 2 7
Food, consumer goods, misc ............. 10 12 6 1 8 1 9 5 10

NOTES: The industry-specific detail may double-count some facilities because of the multiple focus of research performed. Not all industry categories
are listed. The country totals are comprehensive and do not include double-counting.

SOURCE: U.S. Department of Commerce, Globalizing Industrial Research and Development, by D. H. Dalton and M. G. Serapio, and P.G. Yoshida.

Washington, DC, 1999.
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